Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



Clax^mt '$tt»» Smes. 



EXERCISES 



IN 



PRACTICAL CHEMISTRY 



HARCOURT AND MADAN 



MAClilLLAN AND CO. 




FUBLISHBRS TO THE UNIVERSITY OF 

®ifott) 



t 



EXERCISES 



IN 



PRACTICAL CHEMISTRY 



BY 

J 'a' G. Vg^NON HARCOURT, M.A., F.R.S., Sec.C.S. 

Senior Student 0/ Christ Church and L^s Reader in Chemistry 

t 

AND 

H. G. MADAN, M.A., F.C.S. 

FelUnu of Queers College^ Oxford 



LONOUM ITER EST PER PRAECEPTA, BREVE ET EFFICAX PER EXEMPLA. 

Seneca. Lib. I, Ep. VI. 



Series I 

Qualitative Exercises ^... .... _^ 

A. . . . 



Second Edition 



AT THE CLARENDON PI^ESS-;! • • • - 






^ ■* 



» % * V J %• r Y 

MDCCCLXXII 






[All rights reserved^ 



C »r V *. 

W V ^ W 

U V ^ *» ^ 

W w ^ w 






tew. «. V. 



PREFACE. 



THE object of this volume is to furnish a systematic 
course of study to those who are beginning to learn 
Chemistry practically. The course commences with a series 
of exercises upon the preparation and properties of some of 
the most familiar substances, in which precise directions are 
given as to the apparatus and materials to be used, and as 
to the manner in which each experiment is to be made. In 
the earlier exercises, especially, the directions given extend 
to minute details; the. aim of the authors being to provide, 
as far as possible, all the guidance that a beginner, working 
by himself or with only occasional supervision, may require. 
A few exercises have been introduced on parts of manipula- 
tion which, from their importance, it seemed desirable to 
treat separately; but, as a rule, each operation is described 
where the occasion for its use first arises : and the subjects 
have been so chosen as to furnish examples of all the usual 
chemical operations. The attempt has been made to arrange 
each exercise so as to provide the student with continuous 
occupation and economise his time by giving two or three 
operations which can be carried on simultaneously and to 
which he should direct his attention in turn. The time 
required for the completion of different exercises cannot but 
vary considerably, since some operations, too important not 
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to be included, do not admit of being hastened; but in most 
cases about two hours will be found sufficient. 

In Part I, Sect. V, which gives directions for the performance of 
experiments upon salts of the principal metallic and non-metallic 
radicles, the operations are described in less detail, both because 
they are simpler and more uniform in character, and because 
something may fairly be left to the experience the student has 
gained. In this section the experiments described are chiefly 
such as find some application in the course of qualitative analysis 
which follows. The division into exercises is not continued, 
since the experiments with each radicle form a separate group, 
and one or more of these can be performed at the same time, 
as may be found convenient. 

Part II gives the course to be followed in the analysis of 
a single salt, for the outline of which the authors are mainly 
indebted to Fresenius* * Qualitative Analysis.* 

The list of apparatus given at the outset shows what it is 
desirable that a student should have for the performance of 
the exercises; but those who have not access to a chemical 
laboratory and who are unwilling to incur the expense of pro- 
viding themselves with a complete set of apparatus from a 
chemical dealer, will find in the Appendix a number of sug- 
gestions for the construction of pieces of apparatus which can 
be made very cheaply. 

The authors have endeavoured, by repeating nearly every 
experiment in exact conformity with their written description, 
to insure that the student who carefully follows their directions 
shall command success ; but as they cannot but fear that many 
errors and omissions may, nevertheless, have escaped them, 
they will be grateful for any suggestions from those engaged 
in teaching who may make use of their book. It is only by 
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a large experience of the errors into which beginners are liable 
to fall, that the many ways of going wrong can be discovered 
and stopped. 

The question of chemical nomenclature is at present in such 
a condition that every lecturer or writer must choose for him- 
self the names he considers least objectionable. The names 
assigned to substances in this volume are, with a few exceptions 
(made with a view to consistency), the same as are used in 
Roscoe's * Lessons in Chemistry,' and Watts' edition of ' Fownes' 
Manual ^.' 

The illustrations in the text have, with very few exceptions, 
been drawn directly on the wood from photographs, taken by 
one of the authors, of the apparatus actually used. 

* Sheets of labels for the reagents with which the student is recom- 
mended to provide himself may be obtained from Messrs. J. J. Griffin 
& Sons, 22, Garrick Street, London, W.C. 



PREFACE TO THE SECOND EDITION. 

This edition does not differ materially from the previous 
one, issued in 1869. A few errors (chiefly typographical) 
have been corrected, and a few additions and modifications, 
suggested by experience in the practical use of the. book as 
a school text-book, have been introduced. 

With these slight alterations, it is hoped that the present 
edition will be found at any rate not less useful than the 
preceding one, as an introduction to laboratory work. 

Oxford, August , 1872. 



MEMORANDA. 



1. Be orderly and neat in manipulation. Cleanliness stands at 
the head of the chemist's scale of virtues. All messes must be 
cleared away with the zeal of a sanitary inspector. 

Never go to work, or continue to work, with the table covered 
with a litter of bottles, flasks, basins, and test-tubes ; but replace 
each bottle on its shelf as soon as you have done with it, and have 
a basin at hand in which to put dirty test-tubes, &c. 

Always wash your test-tubes twice : once, before they are put 
away ; and again, with distilled water, immediately before they are 
used. Probably more puzzling reactions occur from the use of 
dirty test-tubes than from any other cause. 

2. Do not begin work in a hurry. What is expended in time 
is very often gained in power, in grasp of a subject. Yet, on the 
other hand, learn to be economical of time. Several filtrations and 
evaporations, for instance, may be going on at once. The chemist 
may sometimes, in spite of the proverb, do more than one thing 
at a time, by allowing things to do themselves. 

3. Be economical of materials. In analysing a substance, do not 
(without the strongest reasons) use up at once the whole quantity 
at your disposal. Reserve at least one-fourth of it in a corked tube 
or covered watch-glass, in case unforeseen accidents should occur 
and the other portion should be lost. In making a gas, the residue 
left in the generating vessel will often be of use, at any rate interest- 
ing as a specimen. It should not, as a rule, be thrown away, but 
purified by recrystallisation or otherwise. 

4. Never begin an experiment until you have looked over all the 
preparations for it, to make sure that you have everything that is 
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necessary within reach. You will not then have the mortification 
of seeing the half-performed experiment fail for want of some 
requisite which cannot be procured at the moment. 

5. Never add one chemical substance to another without con- 
sidering for what purpose you add it, and what various effects may 
be produced. 

6. Do not think merely of what will do, but what is best, of the 
means at your disposal. 

7. Be exact and methodical. Let nothing pass unnoticed, although 
you may not see its significance at the moment. Make written notes 
of everything that you do, analyses of lectures, sketches of appa- 
ratus. Whatever is worth doing is worth recording. 

8. Do not attempt to devise a modification of an experiment 
until you have tried it in exact accordance with the directions given. 
Then, and then only, if you fail, you will find it possible to blame 
the book and not yourself. 

9. Do not expose yourself needlessly to vapours which you know 
to be injurious, e. g. chlorine, hydrogen sulphide, hydrogen arsenide. 
Remember that the bad effects may not be perceptible immediately. 

10. Finally, do not look upon Chemistry as a mere amusement, 
as a means of getting up a few explosions, creating a few unsavoury 
smells, producing a few striking clianges of colour. Chemistry is 
worthy of better treatment ; it is no longer a * black art,* but a 
refined science, and should be thoughtfully and reverently studied. 

Nor, again, give up hopes of making discoveries in the science 
because the land appears to be already highly farmed, and you have 
not all the refined apparatus which the optician and operative 
chemist can supply. Records of close and accurate observations 
of some of the (apparently) simplest phenomena of Chemistry are 
much needed; and such It is in the power of every student to 
contribute. 

H. G. M. 
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CORRIGENDA. 

Page 33, line 13 from bottom, omit 'Get ready . . . exercise.* 

43, „ 9 from bottom,/or * 1.5 * read * 1 5.' 

47, „ 10 from top, for * sodium sulphate ' read * 60 grms. of sodium 
sulphate.' 

47, „ 14 from bottom, add^ as a note^ * If no good, well-defined 
crystals are obtained, transfer the contents of the basin 
to a beaker, heat until the crystals are re-dissolved, and 
allow the solution to cool, hanging in it a splinter of 
wood or slate or a loop of string, to serve as a nucleus 
upon which crystals may form.' 
170, noiet/br * either ' read * ether.' 
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LIST OF APPARATUS 



Required for Ihe Course of PracHcal Work conlained i. 
Paris I arid IJ a/ f/iis SooH'. 



[The abbreviation cm. stands for centimetre, 
„ „ mm. „ millimetre, 

„ „ c,c. „ cubic centimetre. 

tf ,f grm. f, ^amme. 

For tables of weights and measures see Appendix D.] 



1. A Pneumatic Trougb, about 36 cm. long, 24 cm. 
wide, and iC cm. deep, Fig. i. This is an apparatus for 




t has been thought nght to err rather on flte 
! than of deficienc;} Seme pieces nf apparatus, 
.-.. s holder are not abEolutely necessary and in several 
s the aludcnt will be able, by the aid of a ftw tools and a little 
mgenuily to maie substitutes for himself Some suggestions for the 
caostruction of economical apparatus will be found at the end of 
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2 LIST OF APPARATUS. 

collecting and experimenting upon gases, and consists of 
a cistern for holding water or any other fluid, furnished with 
a movable shelf placed across it about 5 or 6 cm. below the 
top. In the centre of the shelf is a hole, which should not be 
less than 2 cm, in diameter, and immediately underneath this 
hole is soldered a broad, very shallow funnel, the mouth 
of which is of the same width as the shelf: the accom- 
panying figure represents 
a section of the shelf at 
this point ^. This funnel 
serves to catch bubbles of gas, in case the delivery tube is 
not exactly under the centre of the hole, and to direct them 
upwards through the hole into a jar placed above it. In 
addition to these essentials, the trough represented in the 
figure has a ledge running along the whole length of one 
side on which jars may stand when filled with gas, and 
also an overflow-pipe a at one comer, the mouth of which 
is about 3 cm. above the level of the shelf, to convey any 
excess of water into the supplementary trough d. These 
troughs are made of japanned tin, and it is a decided ad- 
vantage to have the inside japanned white, as a much better 
view of the position of tubes, jars, &c. when immersed in the 
water, is thus obtained. For the method of using the Pneu- 
matic Trough, see p. 57. 

2. A Betort StQud, Fig. 2, with rectangular iron foot, iron 
rod about 36 cm. in height, and three brass rings. 

3. A Bunfien's Universal Holder, Fig. 3, of stained birch- 
wood, the smaller of the two sizes which are sold. This, 
although rather expensive (about 5J.), will be found a most 

the book, but no direct reference to such substitutes is made in the 
text, since the student, who is ingenious enough to make a piece of 
apparatus for himself, will be at no loss to bring it in where it is 
wanted 

* A long narrow opening, extending nearly the whole length of that 

gart of the shelf which is unsupported, is more convenient than a round 
ole. Its widUi need not exceed i cm., and on each side of it should be 
a strip of metal, soldered to the under surface of the shelf, serving to 
strengthen the shelf and to guide buW)les of gas to the opening. The 
%ure above represents a section of this part of the shelf. 
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useful ' piece of apparatus, both for chemical and physical 
■.■xperimenta. Its construction wilt be sufficiently evident from 
the engraving. Care must be taken not to use undue force 
m tightening the screws, or the threads may be torn away. 
If the screws work stiffly, a little black-lead, in preference to 
tillow, should be applied to them. 




Fig. 3. Fig, 2. 

4. A Bunaen'e Burner, Fig. 4, small size, with rose top. 
This burner is a great improvement on the wire-gauze gas- 
burner, and is constructed on the same principle as the latter, 
ihe upright tube representing one of the meshes of the wire- 
Kauze. It gives a blue non-luminous flame, which deposits 
"0 soot on vessels held in it, and possesses a very high 
itmperature, approaching- rial of the blowpipe-&a,mc. T\ift 
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gas enters through a peculiarly- shaped jet near the bottoni 
of the upright tube, and as it rises in the tube mixes with t 
air which is admitted by the four holes near the base of the 
lamp. When a light is applied to the mixture of gas and ai 
as it issues from the top of the tube, it bums steadily withoi: 
descending in the tube, so long as the current of gas i 
uniform and the supply of air is not too great. If, howeveij 
the stream of gas is checked, or the supply of air is i 
creased beyond a certain amount, the explosive mixture ignitei 




within the tube, and the gas then burns at the jet near thei 
bottom, with a smoky flame, the heat of which is mainly ex- 
pended on the tube itself. In fact, the relative proportioM 
of gas and air must be nicely adjusted, or the burner i 
little use. If the gas is in excess, the flame bums i 
and deposits soot, as may be shown by stopping all the fou 
air-holes with the fingers, when the ordinary luminous gas-flam 
is produced. If the air is in excess, the flame burns un 
steadily, shovdng a tendency to pass down the tube. In thj 
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latter case the best remedy is, to stop up one or more of the 
air-holes with plugs of cork, until the flame becomes steady*. 

The cast-iron cap shown in the figure, when placed upon 
the burner, divides the single flame into a ring of small jets 
which distribute the heat over a large surfiace, and are well 
adapted for heating an evaporating basin or sand-bath. 

5. A Cast-iron Foot, Fig. 5, with screw, on which may be 
fitted the blowpipe-jet a, the Argand burner 3, and the fish-tail 
bumer c. The blowpipe-jet is described in Part I, Sect. 4. 
The Argand bumer, although not absolutely necessary, is 
extremely convenient for applying a gentle heat to a flask 
(e. g. in making oxygen gas), since it is more under control 
than the Bunsen's burner, and may be regulated to give the 
least possible flame. The fish-tail burner is chiefly intended 
for bending tubes, p. 28. 

6. A Set of live Wooden Blocks, about 12 cm. square, 
and respectively 2, 5, 7, 10, 12 cm. in thickness. 

7. A Test-tube Stand, of the usual form, for supporting 
test-tubes while in use. It should have twelve holes in one 
row, and a strip of slate should be fitted in front of the holes, 
on which may be written the contents of each test-tube when 
it is placed in the stand. 

8. A small Dish, of tinned iron or copper, about 12 cm. 
in diameter, for use as a sand-bath. 

9. Two pieces of fine Iron-wire Gauze, about 12 cm. 
square. 

10. A Mouth Blowpipe, Fig. 6, about 20 cm. in length. 




Fig. 6. 
IL A small Ladle, with bowl about 7 or 8 cm. in 

* This burner is often supplied with a perforated cap, fitted over the 
air-holes, by turning which the supply of air can be regulated with great 
facility; or the tube of the bumer itself is perforated and movable. ^ 
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diameter, and an Iron Spoon, about as large as a tea- 
spoon. 

12. A pair of Crucible Tongs, Fig. 7, about 20 cm. in 
length. 




Fig. 7. 

13. A Set of Scales and Weights, for ordinary pur- 
poses. A pair of well-made grocers' scales, with beam about 
25 or 30 cm. in length, will answer the purpose. A set of 
common gramme weights, from i kilog. to 0.5 grm., should 
be procured ^ 

14. A Set of four Cork-borers, from 3 mm. in diameter 
upwards. These are short pieces of thin brass tube, sharpened 
at one end, and having a thick collar soldered to the other 
end, to afford a better hold. For the method of using them, 
see p. 34 ^ 

15. A piece of Platinum Foil, about 2 cm. x 5 cm. It 
should weigh about 0.4 grm. This is used chiefly as a support 
for substances on which we wish to try the effect of a high 
temperature, in order to test their fusibility, volatility, &c. If 
the edges of the foil are turned up round a spherical mould, 
such as the end of a pestle, we obtain a very convenient cap- 
sule for fusions on a small scale, e.g. for the decomposition 
of barium sulphate by sodium carbonate. 

It should, however, be a rule — ist. Never to use a platinum 
vessel when a piece of porcelain will do as well. A bit of 
a broken evaporating dish will serve for almost every purpose, 
except when silicon, alimiinium, or the alkali metals are to 

^ Such sets of weights have been hitherto difficult to procure at a 
reasonable price. They may be now obtained in London from Messrs. 
Griffin, Garrick-street, or from Mr. Solomon, Red Lion Square. 

^ When the cutting edge becomes blunt or bent, it should be sharpened 
on a hone, or by a very fine file, the borer being constantly rotated while 
the hone or file is passing over it. 
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be tested for. 2nd. Never to heat in a platinum vessel the 
following substances : — 

Substances evolving chlorine or sulphur. 

Caustic alkalies or barium hydrate. 

Cyanides, chlorates, nitrates. 

Easily reducible metallic salts, or their corresponding metals, 
e. g. lead, silver, tin. 

When a platinum vessel is dirty, try first to clean it by 
boiling it in a dish with a littie strong hydrogen chloride. 
If this has no eflfect, spread over the surface some powdered 
potassium-and-hydrogen-sulphate, and heat it over a Bunsen*s 
burner until the salt fuses, inclining the vessel so that the 
liquid salt may flow over every part of it. Finally, boil it 
with water in a dish. 

When a piece of platinum foil becomes creased or wrinkled, 
place it between folds of glazed writing-paper on a smooth 
surface, such as a plate of glass, and pass over it with strong 
pressure a rounded burnisher, such as the handle of a paper- 
knife. 

18. A piece of Flatmum Wire, about 25 cm. long and 
0.32 mm. in diameter (No. 26 iron-wire-gauge). This is chiefly 
for use in blowpipe experiments. Part I, Sect. 4. 
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Fig. 9. 
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17. Two pieces of Brass or Copper Wire, about 30 C14.3 
long, and i mm. in diameter. These should be filed to a poiu jg 
at one end and then bent, the one into the form of Fig, 8 C 
the other into the form of Fig. 9, and finally a small pjeo^^ 
of wax taper about 3 cm. in length should be stuck upon 'h| ^ 
pointed end of each. i ;; 

18. A DeflagratLQg Spoon, see Fig. 10. This consisl^^ 
of a brass or iron bowl about i.g cm. in diameter, screwed tf 3 
a piece of stout iron-wire which passes rather stiffly throug^^ 
a cork stuffing-box attached to a tin flange. It is intende 

to hold substances whic 
are to be burnt in gases 

19. A Deflagratdn 
Jar, Fig. 10. This is 
wide - mouthed stoppere 
jar, open at the botton 
about 28 cm. m height an 
15 cm. in diameter. Th 
top should be ground fla 
in order that it may b 
accurately closed by a glai 
plate. 

20. Two stroi^ 03^ 
lindrieal Glass Jars, for 
collecting gast 
in height, 3 cm. in diametral 
with ground mouths. The 
should be made of thic 
glass, since they are \ 
for holding mixtures of hy 
drogen and osygea gase 
which are to be exploded. 

31, Three similar Jars, which may be of thinner glaa 
20 cm. in height, 5 cm. in diameter. 

22. Two circular Glass Disos, g cm. in diameter, grouni 
on one side. 

23. Two Ditto, 8 cm, in diameter. 
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^4 24. One shallow Stoneware Tray, for holding gas jars, 
'^cm. in diameter. 
^1 25. One Ditto, i8 cm. in diameter (see Fig. lo). This, 

ugh convenient, is not necessary, as a common dinner- 

te may be substituted for it. 

26. Pour Florence Flasks. These may be procured from 
oihnan, and should be selected of uniform thickness, free 

air-bubbles, and with even mouths not chipped away 

one side. In order to cleanse them, put a few lumps 

common 'washing soda' into each and heat it gently 

T a lamp, turning it round so as to bring the salt into con- 

with every part ; finally, rinse it thoroughly, first with com- 

water and then with distilled water, and place it to drain 

Bouth downwards in the ring of a retort-stand. 

27. Three Flasks with flat bottoms, holding respectively 
100 c.c, 250 c.c, 400 c.c. 

28. One plain Retort, holding about 200 c.c. 

29. One stoppered Ditto, of the same size. 

30. One cylindrical graduated Glass Measure, to con- 
tain 200 c.c, graduated into spaces of 5 c.c. 

31. Two wide-mouthed stoppered Bottles, of white 
glass, holding about 700 c.c, for use in experiments on 
gases. 

32. Four Ditto, holding about 300 cc^ 

33. Two common corked Bottles, with moderately wide 
mouths, holding about 200 c.c, for use as washing botties 
for gases (see Fig. 43). 

34. Two Ditto, holding about 300 c.c, for containing 
water which is to be saturated with a gas, such as chlorine 
or hydrogen sulphide (see Fig. 45). 

35. One Washing Bottle with tubes (Fig. 11), holding 
600 c.c This is of great use for washing precipitates on 
a filter, and also for containing a supply of distilled water 
for general purposes in analysis. Its construction is sufl5- 

* It is a g^eat advantage to have the stoppers of these gas bottles made 
much more conical than usual. They are then far less liable to become 
fixed in their places if the volume of gas in the bottle should contract. 
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ciently plain from the engraving'. When air is blown| 
from the mouth into the up- 
turned tube, a streE 
water is forced through thei 
jet at the extremity of the; 
other tube, and may be di- 
rected upon a filter, or into 
a test-tube. If a large! 
quantity of water is rcqmrecl 
at once, as in filling an eva- 
porating dish or small fla^ 
the bottle should be inverteiJ 
so as to bring the blowings 
lube lowermost, from which 
a stream of water will flow 
while air enters through the 
other tube. 




36. Two ThiBtla Funnels, 

length. 



a. Fig. 12, about 33 cm. in 



. Threa Qlssa Funnels, respectively 
a. in diameter. 



7 cm., 



' This waabing bottle may be easily fitted up by the student himaelC 
Instnictioiis for doing this are given aX p. 33. 
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38. Three GJ&bb Beakers, respectively 5 cm., 7 cm., 
10 cm. in diameter. 

39. Twenty Test Tubes, of the following sizes : — 

Twelve, 15 cm. in le. gth, 1.5 cm. in diameter. 
Six 18 cm. „ 2 cm. „ 

Two 20 cm. „ 2.5 cm. „ 

40. Six Watch Glasses, 5 cm. in diameter. 

41. One Glass Spirit Lamp. 

42. One Glass Mortar, 6 cm. in diameter, with pestle. 

43. One Porcelain Mortar, 10 cm. in diameter, with 
pestle ^ 

44. Three Porcelain Evaporating Basins, respectively 
5 cm., 9 cm., 12 cm. in diameter \ 

45. One Porcelain Crucible, with cover, about 3 cm. 
in diameter. 

46. Two common Cornish Crucibles, respectively 6 cm. 
and 8 cm. in diameter. 

47. One Reduction Tube, 3, Fig. 12, about i cm. in 
diameter. 

48. Two Drying Tubes, c, Fig. 12, about 18 cm. in length. 
This form of tube is intended to contain calcium chloride, or 
other hygroscopic substance, in small fragments, for the purpose 
of removing moisture from gases which are passed through the 
tube. It is filled in the following way. After removal of the 
cork, a small tuft of cotton-wool or tow is pushed down into 
the bulb by means of a glass rod, until it lies across and 
protects the opening of the narrow tube. The rest of the bulb 
and the wide tube is then nearly filled with fragments of 
thoroughly dry calcium chloride, about as large as split peas. 
Another piece of cotton-wool is then lightly pushed in, to 
keep the calcium chloride in its place, and finally the cork 
with its short tube is replaced. It is advisable, when the tube 



* This mortar should not be glazed inside. 

'These should be thin in substance (that there may be less risk of 
their cracking when heated over a lamp), and highly glazed both inside 
and outside. The Meissen ware is much the best, both as to shape and 
qoality. 
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is not in use, to keep the ends stopped by little plugs of 
cork, in order that the moisture of the air may not find 
entrance. 

The calcium chloride for these tubes should not be fused, 
but only thoroughly dried at a temperature of 200°-300° on 
a sand-bath. It is in this condition much more porous, 
and exposes a larger surface to the gas than the fused 
substance. 

49. Twelve Sealed Tubes, Fig. 13, about 6 cm. in length. 
For directions for making such tubes, see p. 39. 




Fig. 13. 

50. Two kilogrammes of soft Glass Tubing, free from 
lead, of different sizes, but chiefly about 6 mm. in external 
diameter ^. 

61. Half a kilogramme of hard Glass Tubing, 5 mm. 
in external diameter, for making sealed tubes (No. 49) and 
arsenic tubes. 

62. Two or three pieces of Combustion Tubing, about 
30-35 cm. in length, and 12 or 14 mm. in diameter. 

63. Three or four pieces of Glass Bod, free from lead, 
about 25 cm. in length, and 4 mm. in diameter ; for stirring- 
rods. 

64. A piece of vulcanized India-rubber Tubing ^, about 

1 metre in length, and 4 mm. in internal diameter : chiefly for 
use in connecting glass tubes ; for which purpose pieces about 

2 or 3 cm. in length may be cut from it, as required. 

66. Two or three pieces of similar Tubing, about 60 or 



^ The French soda glass is usually very good; but some specimens 
show a great tendency to devitrify when heated. 

* Tubing of non-vulcanized india-rabber, which is also manufactured, 
adheres more closely to glass than the vulcanized tube, and is in many 
respects preferable to the latter. It has the disadvantage of losing its 
elasticity in cold weather, but after being warmed and stretched a little^ 
it regains all its good qualities. 



LIST OF APPARATUS. I3 

yo cm. in length, and 6 mm. in internal diameter : chiefly for 
connecting lamps with the gas supply. 

66. Three packets of circular Filters, respectively 7 cm., 
14 cm., 20 cm. in diameter, suited to each size of funnel (No. 37). 

67. One box of Test Papers, containing books of blue 
Ktmus, reddened litmus, and turmeric paper. 

68. Two Brushes for cleaning tubes, one about 3 cm. 
in diameter, for test-tubes ; the other about 5 mm. in diameter 
for smaller tubes. 

69. A light hammer, of the form known as riveting- 
hammer. 

60. A small Anvil, about 6 cm. square, and 2 cm. in 
thickness. 

61. A pair of cutting Fliers. 

62. A three-square File, about 1 2 cm. in length. 

63. A round (or ' rat-tail ') File, about 20 cm. in length. 
These files should be fitted into handles. 

64. A few pieces of Charcoal, for blowpipe experiments. 
These may generally be selected from the ordinary rough 
beech-wood charcoal. Sticks about 3 cm. in diameter, free 
from knots, should be picked out and sawn across the grain 
into pieces about 3 cm. in length, or rather less. When 
thus cut, they should show a surface free from cracks and 
of close, sound texture. 

65. A common China Jug, holding about 2 litres. 

66. Half a quire of White Blotting-paper, and some 
sheets of glazed writing-paper. 

67. Two or three dozen good Corks of various sizes, 
from I to 4 cm. in diameter. Those should be selected which 
are free from fissures and cavities, and in which the grain 
runs across not along the cone. 

68. A common Metre Bule : the first decimetre divided 
Into millimetres, the rest into centimetres. 



The following pieces of apparatus are also extremely 
wefiil, and access to most of them will be assumed in the 
ex^tises : — 
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69. A Herapafh'8 Gkusi Blowpipe, provided with a pair 
of double bellows, or with one of the small French india-rubber 
blowing machines, Fig. 14. In this form of blowpipe the 
gas issues from a brass txibe about i cm. in diameter, in 




Fig. 14. 

• 

the axis of which a smaller tube is permanently fixed, through 
which a blast of air is directed into the centre of the gas- 
flame. By attaching a larger or smaller nozzle to the air-tube 
and altering the quantity of gas, any kind of flame may be 
obtained, from a large brush-like flame 16 or 18 cm. in length, 
to a small pointed cone of flame, such as is required for 
anal3^ical experiments. 

The india-rubber blowing machine alluded to, consists of 
two parts: ist, The blower, a— a pear-shaped vessel of strong 



LIST OF APPARATUS. I5 

vnlcanized india-rubber, having a valve fitted at each end 
enclosed in a small wooden box; 2nd, The regulator, b — 
a spherical vessel of thinner india-rubber, with two necks, 
one of which is connected by an india-rubber tube with the 
valve-box at one end of the blower, while the other neck is 
siimlarly connected with the blowpipe air-jet. When the 
blower is placed on the floor and compressed with the foot, 
the valve at one end closes, and the air contained in the 
vessel is forced through the other valve into the regulator, 
which becomes distended and forces the air through the 
blowpipe-jet. When the blower is relieved from the pressure 
of the foot, it recovers its shape, the valve nearest the regulator 
closes and prevents the return of the air, while a fresh supply 
of air enters through the other valve. When full, the blower 
is again compressed with the foot so as to force another 
supply of air into the regulator. 

This blowing machine is much cheaper and more portable 
than any form of double bellows, and is very effective. The 
regulator is usually made too small, and thus there is a slight 
variation in the strength of the blast. The india-rubber must 
be of the best quality; and it is advisable to enclose the 
regulator in a net, to prevent its becoming so far distended 
as to burst. 

A substitute, which can be made without much difficulty, 
will be described at the end of the book. 

Although such a blowpipe ' as that which has just been 
described is necessary for some operations in glass blowing, 
and renders the chemist almost independent of a furnace 
for fusions on a small scale, yet much may be done by the 
use of the mouth blowpipe supported in a Bunsen's holder 
(so that both hands may be free) and directed upon a larger 
gas-flame than usual. 

70. A Glass-blower's Lamp : when gas is not available. 
This, in its simplest form, consists of a flat tin dish, near 
the centre of which a tin wick-holder is fixed in a slanting 
direction, suflftciently large to hold a bundle of strands of lamp- 
cotton about I cm, in breadth and 3 cm. in length. The dish 
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is filled with lamp-oil, oi melted tallow, and the wick is trimmed,' 
a Turrow being formed along the middle of it, in a line widk 
which, and a little above it, the blowpipe-jet is placed. 
71. A ClBTk'B Betort and Heceiver, Fig. 15; useful for 

distillations on a small scale. 




72. A Fipette, Fig. 16, for measuring out small quantities 
of liquid. It consists of a 
tube dTa\vn out at one end 
into a jet, and slightly con- 
tracted at the other end, so 
as to be readil/ closed by 
the finger. It should hold 
about 20 C.C. and should be 
graduated into spaces of o.J 
C.C. To fill it, dip the jrt 
rather deeply into the liquid, 
and suck the latter up into the 
tube by applying the mouth' 
to the upper end. When the 
pipette is nearly (iill, remove 
the mouth and immediately 
press the forefinger (slighdy 
moistened) firmly upon die 
Upper end (see the Fig.). 
Now raise the pipette undl 
&ie uppermost graduations 
are on a level with the eye, keeping the jet lightly pressed 
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against the side of the vessel of liquid, but clear of the liquid itself. 
If the pressure is slightly relaxed, and the finger moved a little 
sideways, air will enter, and the column of liquid should be allowed 
slowly to fall until the lowest part of the ciured surface of the 
Kquid just touches the top line, when the pressure of the finger 
must be at once restored, to prevent any more air entering. The 
pipette may now be steadily removed to the beaker or flask into 
which the liquid is to be measured, and the desired quantity 
allowed to escape from the jet, which should be, as before, lightly 
pressed against the side of the vessel. Be careful always to read 
from the same point, the lowest part of the curve formed by the 
surface of the liquid, held at the level of the eye. 

73. A Thermometer, with cylindrical bulb, graduated on 
the stem from — io° to + 150° centigrade. 

74. A Platinum Spatula, about 9 cm. in length, broader 
at one end than the other. It need not cost more than 6s, 
or 1s.j and will be found most useful. Instead of it, an 




D 



Fig. 17. 

ahimmium spatula of the same size may be obtained at a 

much lower price, and will answer for most purposes. 
76. A Flatinimi Capsule: hemispherical, about 3 cm. in 

diameter. This, which would cost about 5^., will answer almost 

every purpose of a platinum crucible. 
76, A Bunsen's Screw Finch-cock, Fig. 18. This is 

a contrivance for regulating 
the flow of a liquid through 
an india-rubber tube. The 
tube is placed, as shown in 
the engraving, between the 
two parallel rods, and may 
p. g be compressed by tiuning 

the screws, until the passage 

through it is entirely obstructed. 
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77. A small round Wicker Basket, with upright sides^ 
about 14 cm. in diameter and 10 cm. in depth; for holding 
test-tubes. 

78. A few sheets or cut Alters of Swedish Eiltering 
paper, for separating precipitates, such as barium sulphate 
or calcium oxalate, which from their finely-dividedj condition 
would pass through the pores of ordinary filtering paper. 



A number of bottles will also be required for containing 
substances both solid and in solution. Many substances, such 
as calcium chloride, from their alterability in the air, will of 
necessity be purchased in bottles. Inclusive of these, the 
following stock of bottles will be probably sufficient ^ : — 

24 wide-mouthed bottles, with corks, 

24 » » » 

6 „ „ with glass stoppers, 

'* « « >i 

8 narrow-mouthed bottles, „ 

40 yy yt yy 

3 it >y >l 

The common green or blue glass bottles, costing (when 
stoppered) from 3^. to 6s, a dozen, will answer quite as well 
as the more expensive botdes of white glass. 

^ It is not absolutely necessary for the beginner to start with so laige 
a* stock of bottles. Some substances, e. g. marble, sulphur, manganese 
dioxide, &c., may be kept in boxes. But bottles are far preferable, on 
the score both of cleanliness and security. 



300 c.c. 


capacity. 


100 c.c. 




300 c.c. 




100 c.c. 




100 c.c. 




100 c.c. 




2000 c.c. 





LIST OF SUBSTANCES 

Required for the Course of Practical Work contained in 
Parts I and II of this Book '. 

The numbers in the column on the extreme left of the 
page are intended to give some idea of the relative quantities 
of the substances which will be necessary. If i be inter- 
preted to mean lo grammes (about one-third of an ounce), 
2 = 20 grammes, &c., the quantities will be sufficient for the 
purposes of most students. 

Many of the substances are required for use in solution. 
In Part I, Sect. 1, Exercise 4, will be found the general method 
of dissolving a salt in water ; and the mode of proceeding in 
certain special cases will be found in Part I, Sect. 3. 

An asterisk is prefixed to the names of those substances 
which the student should prepare himself. 

9 Alcohol, pure, sp. gr. 0.815. 

^0 „ Methylated, for common purposes. 

12 Aluminium and Ammonium Sulphate (Ammonia Alum). 

3 Anunonium Carbonate, pure. 

3 „ Chloride, pure crystallised. 

12 „ „ common. 

9 „ Hydrate, solution of, sp.. gr. 0.96 (Caustic 

Ammonia). 

I „ Molybdate. 

9 „ Nitrate. 

* Those who are working in a regular laboratory wilt probably obtain 
^ necessary chemicals from the common stock. This list is more 
particularly mtended to assist those who are working by themselves, xa, 
•electing Ae substances they will require. 

C 2 
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3 


Ammonium Oxalate. 


2 


„ Phosphate *. 


2 


„ Sodium and Hydrogen Phosphate (. 




cosmic salt). 


6 


„ Sulphide, solution of. 


2 


Antimony, Metallic. 


3 


„ Trisulphide. 


I 


Arsenic Trioxide (White Arsenic). 


3 


Asbestos, in long loose fibres. 


3 


Barium Chloride, pure. 


2 


„ Oxide (Caustic Baryta). 


I 


Bismuth, Metallic. 


I 


Cadmium Sulphate. 


30 


Calcium Carbonate, pieces of white marble. 


9 


„ Chloride, thoroughly dried, in lumps. 


3 


„ -Fluoride, white fluor spar. 


10 


* „ Hydrate, solution of (Lime water) ^. 


3 


„ Hypochlorite (Bleaching Powder). 


20 


„ Oxide, freshly burnt white Quicklime. 


20 


„ Sulphate (Plaster of Paris). 


lO 


* „ Sulphate, solution of. 


6 


Charcoal, selected pieces. 


I 


„ Animal. 


3 


Carbon Bisulphide (Bisulphide of Carbon). 


3 


♦Chlorine, solution of (Chlorine water). 


I 


Chromium and Potassium Sulphate (Chrome Alum) 


I 


Cobalt Nitrate. 


I 


Cochineal, solution of. 


20 


Copper, Metallic ; strips of sheet-copper, about o.p 




thick. 




„ pieces of wire. No, i6 and 26 wire-gauge. 


6 


„ Oxide (Black Oxide of Copper). 


12 


„ Sulphate. 


2 


Cotton-wool. 



* This salt is preferable, as a test, to sodium and hydrogen phos 
but is not necessary. 
' For the method of making this solution, see p. 48. 
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Distilled Water, see p. 57. 
2 Ether. 

Gold, Metallic ; half a book of gold-leaf. 

2 Grape Sugar. 

6 Hydrogen Acetate, solution of, sp. gr. 1,04 (Acetic 

Acid). 
6 „ Chloride, pure concentrated (Hydrochloric 

Acid). 

Chloride, pure diluted. 

Chloride, common concentrated. 

Nitrate, pure concentrated (Nitric Acid). 

Nitrate, pure diluted. 

Nitrate, common concentrated. 

Oxalate (Oxalic Acid). 

Sulphate, pure concentrated (Sulphuric Acid). 

Sulphate, pure diluted. 

Sulphate, common concentrated. 

and Silicon Fluoride, solution of (Hydro- 
fluosilicic Acid). 

Sulphide, solution of, see Part I, Sect. 3 (Sul- 
phuretted Hydrogen). 

3 Indigo Sulphate, solution of (Sulphindigotic Acid). 
2 Iodine. 

12 Iron, Metallic ; thin wire and one or two strips of thin 
sheet-iron. 
* „ Perchloride. 

2 „ Peroxide (Rouge). 
9 „ Protosulphate. 

9 „ Protosulphide, in lumps. 
I „ Pyrites. 

12 Lead, Metallic; strips of sheet-lead. 

3 „ Acetate. 
3 „ Nitrate. 

3 „ Protoxide (Litharge). 

3 Lead, Red Oxide (Red Lead). 

3 Litmus, solution of (Archil). 

0'5 . Magnesium, Metallic ; wire or ribboru 



» 



» 
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3 Magnesium, Sulphate. 

30 Manganese Dioxide (Black Oxide of Manganese' 

12 Mercury, Metallic. 

3 „ Oxide. 

3 „ Perchloride (Corrosive Sublimate). 

I „ Protochloride (Calomel). 

. I * „ Protonitrate. 

1 Nickel Sulphate. 

2 Phosphorus. 

I „ Amorphous (Red Phosphorus). 
♦Platinum Perchloride. 

0.5 Potassium, Metallic. 

I „ Bromide. 

20 „ Chlorate. 

3 „ Chromate (Yellow Chromate of Pota 
6 „ Dichromate (Red Chromate of Potasi 
3 „ Cyanide. 

1 „ Ferrocyanide (Red Prussiate of Potaf 
6 „ Ferrocyanide (Yellow Prussiate of Pc 
6 „ Hydrate (Caustic Potash). 

3 „ Iodide. 

12 „ Nitrate (Purified Saltpetre). 

2 „ Nitrite. 

1 „ Sulphocyanate. 

2 * Silicon Dioxide (Silica). 

Silver, Metallic ; a book of silver-leaf. 

I * „ Nitrate. 

1 Sodium, Metallic. 

3 „ Diborate (Borax). 

2 „ Carbonate, pure, anhydrous. 
20 „ Carbonate, pure, crystallised. 
12 „ Chloride (Common Salt). 

3 „ and Hydrogen Phosphate. 

, Hyposulphite. 

3 ^ „ and Hydrogen Tartrate. 

6 „ Sulphate. 

3 „ Sulphite. 
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3 Starch. 

2 Strontium Nitrate. 

6 Sugar (Loaf sugar). 

12 Sulphur; roll Sulphur, and Flowers of Sulphur. 

12 Tin, Metallic ; in strips and foil. 

* „ Protochloride (Stannous Chloride), solution of. 

2 „ Peroxide (Binoxide of Tin). 

2 Turpentine. 

12 Zinc, Metallic; pieces of sheet-zinc. The purest form 

of the metal is the Belgian rolled zinc, scraps 
of which may be procured from any tinman. 

2 * „ Sulphate. 



PART L 



EXPERIMENTS ON THE PREPARATION AND 
PROPERTIES OF SUBSTANCES. 



SECTION I. 

PRELIMINARY EXERCISES, 



EXEBCISE 1. 
Faaiozi and Granulation. 

Apparatus required — Iron ladle, with bowl about 7 cm. in diameter; 
iron spoon ; pan filled with clean water ; pair of pliers ; cloth ; pieces 
of metallic zinc 

Put a few small pieces of zinc into the ladle, and place 
the latter upon a clear fire^, supporting it on the coals so 
that the bowl may rest steadily in a horizontal position. Zinc 
requires a rather high temperature (412°) for its fusion, but 
when the bottom of the ladle becomes heated to faint red- 
ness the fragments of metal will sink down into a fluid mass. 
When this takes place, add some more pieces of zinc, press- 
ing them down into the fused metal by means of the iron 
spoon. If any of the pieces of sheet-zinc are too large to 
go conveniently into the ladle, bend them into a more compact 
fonn with the help of the pliers. You will find it much 
^ier to effect this when the metal is made quite hot by being 
held in front of the fire ; since a sheet of zinc which is stiff 
^d unyielding at the ordinary temperature becomes remark- 
% pliant when moderately heated. Go on adding pieces 
of zinc until the ladle is about three-fourths filled, and then 

* A Bunsen's burner will answer the same purpose, but not so well. 
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leave it on the fire for a minute or two longer, in order that 
the metal may become quite fluid. The earthy-looking sub- 
stance, or dross, which floats upon the melted metal, consists 
of a compound of zinc with oxygen, one of the constituents 
of the air, and is called zinc oxide. This should, at the 
last moment, be skimmed off" with the iron spoon, so as 
to leave the surface of the melted metal quite bright, like 
mercury. You will notice, however, that no sooner has thd 
coating of dross been removed than a thin film of it begins 
again to be formed, owing to the contact of the air with 
the strongly heated metal. Now take the ladle off" the fire at 
once, and, holding it about a metre or more above the pan 
of water, pour the liquid zinc in as thin a stream as pos- 
sible into the water. The steam formed when the hot metal 
touches the water blows the particles of zinc asunder, and 
they fall to the bottom of the pan in feathery, tumefied frag- 
ments, which from the great surface they expose to the action 
of a solvent are well adapted for use in the preparation of 
hydrogen gas (Sect. 2, Ex. 2). The metal in this form is 
called granulated zinc. 

The water in the pan should be poured away, and the 
zinc should be collected, dried as far as possible with a cloth, 
then completely dried by being placed on a plate in front of 
the fire, and kept for use in a wide-mouthed bottle or jaf . 

EXEBCI8E 2. 
Glass Working^ 
I. To bend glass tubing. 

Apparatus required — Pieces of glass tubing, about 6 mm. in external 
diameter; pieces of glass rod, rather smaller in diameter; three-square 
file ; fish-tail gas-burner, on iron foot ; Herapath's blowpipe. 

Select a piece of readily fusible glass tubing about 6 mm. 
in external diameter. Lay it down on the table before you, 

^ In this and the succeeding Exercise only the more elementary opera- 
tions in glass blowing are treated of, such as must be learnt in order to 
fit up tiie apparatus required in Sect. 2. 
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it down with the thumb and forefinger of the left 

hand, placed about 15 cni. from one extreraitj-. Make a smali 

aotch in the tube close to this point with a three-square file, 

slightly pressing the side of the file against the left thumb, 

which will thus sen'e as a guide to prevent the edge of 

the file slipjjing along;, instead of cutting across, the glass. 

The notch should be made, not so much by a repealed 

to-and-fro motion of the file, as by one, or at most two, 

short forward strokes combined with as much downward 

pressure as the tube will bear, the hand being raised a little 

as the file goes forward, so that it may follow the curve 

iif the surface of the glass. By this means the file will 

-ut deeper into the glass with less injury to itself, than 

11" the edge were drawn to and fro from point to handle 

as is usually done ; the effect being then rather a rub than 




Now take up the tube, holding it with both hands 
ftius, Fig. 19 (one hand being on each side the notch, and 
'be thumb-nails pressing against the glass on the side opposite 
'he notch), and break it asunder precisely as a stick is broken. 
Tbe edges of the freshly-cut glass are extremely sharp, and 
niust next be rounded oft by holding the extremity of the tube 
It ihe edge of the flame of a Bunsen'a buraei unxA the ^\^s'i 
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begins to melt (which will be known by the flame becoming 
tinged with yellow). Do not heat the glass so long as to 
cause the end to sink in, and thus contract the bore of the 
tube; as soon as the edge is observed to be rounded instead 
of flat, the tube should be removed from the flame and allowed 
to cool. 

For bending the ordinary fusible glass tubing, if its external 
diameter does not exceed i cm., a blowpipe-flame is neither 
required nor sq suitable as the flame of a common fish-tail or 
bat's-wing gas-burner ; but if gas is not at hand, a spirit lamp 
with a large flame may be used. Light the gas, or spirit lamp; 
then holding the piece of tube by its extremities, bring it about 
7 or 8 cm. above the flame, turning it constantly round and 
moving it laterally so as to heat about 5 cm. of it equally on all 
sides. The flame of a flsh-tail burner is flat, and the glass 
must be held along, not across it : the object being to heat a 
considerable length of the tube, so as to make a gradual bend. 
After a few secords, lower it gradually into the flame, still 
constandy turning it round. If the gas-burner be used, the 
glass will become covered with soot when immersed in the 
flame; but this is of no consequence, as the heat of such a 
burner is never high enough to incorporate the carbon with the 
glass. When the heated portion becomes soft and yielding, 
which will take place even before it has acquired a visible red- 
heat, withdraw it from the flame, and gently bend it to a right 
angle, avoiding the use of much force. You will probably find 
some difiiculty at first in making the bend in one plane, i. e. so 
that the bent tube when laid on a flat surface may touch it in 
every part of its length. The best method of accomplishing 
this is, to support the tube lightiy by its extremities, so that the 
direction of the bend may be determined mainly by the weight 
of the tube itself; then, holding it before you so that a line 
drawn from the eye may pass through both its extremities, 
gradually approach the hands to each other, as if you were 
endeavouring to snap the tube in two. Do not attempt to use 
much force, or to make the bend suddenly, or you will 
inevitably either flatten the glass on the outer side or wrinkle 
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it up on the inner side ; either fault being fatal to the strength 
of the bend. It will usually be found necessary to heat the 
tube again in order to complete the bend; and it is better, if 
there are any signs of wrinkling or flattening, not to attempt to 
bend it further in that part, but to heat another portion of it a 
little on either side of the partially-made bend, and to complete 
the curve in that portion. 

Another method of bending small tubes (not more than 
6 or 8 mm. in diameter), which t)ractically succeeds very well, 
is the following: — Heat the tube as above directed until it 
becomes soft ; then hold it steady, just above the flame, with- 
draw the left hand, and allow the tube to bend by its own 
weight as far as necessary. It is essential that the tube should 
be held perfectly still during the bending, and not rotated in 
any way by the right hand. The correctness of the angle may 
be judged of by holding the tube close to, but not actually 
touching, an ordinary square, or the corner of the table or of a 
book. When the proper bend is completed, lay the tube on a 
bit of glass in such a position that the heated portion does not 
come into contact with any cold surface, and leave it to cool 
slowly. While it is cooling you may cut off" another portion of 
the same tubing about 24 cm. long, and bend it in a similar 
way, making the bend, however, not in the middle of the tube, 
but about 7 cm. from one end. If that end becomes too hot 
to hold in the fingers it may conveniently be inserted in a hole 
niade in a small cork, which will then answer the purpose of a 
handle. The tubes thus bent will serve to fit up a washing 
bottle or generating flask for gases ; and several similar ones 
with the branches varying in length may be made at leisure 
moments from any waste bits of tubing, and will be found 
generally useful, saving much time in fitting up apparatus for 
any particular experiment. 
2. To make a glass jet and a dropping-tube, or pipette. 
Cut off" a piece of glass tubing (the more infusible the better) 
about 25 cm. in length and 3 mm. internal diameter. Round 
off the ends of the tube as directed in p. 27, and heat a portion 
of it, about .7 cm. from one end, in the flame of a Bunsen's 
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burner^ (remembering to turn it constantly round), imtil it 
becomes quite soft and begins to thicken and contract in 
diameter: then withdraw it from the flame, and pull the two 
ends apart by slightly separating the hands, until the drawn-out 
portion is contracted to an external diameter of 2 mm. B^ j 
careful not to use much force in drawing out the glass, or it 
will be contracted to a fine thread so thin as to be useless. 
When it is cool, make a fine scratch with a file at the middle of 
the drawn-out portion, and break the tube at this point You 
will then have two tubes, each ending in a jet of the shape 
represented in Fig. 20. The shorter of these may be kept fot 




Fig. 20. 

use as a jet, in Sect. 2, Ex. 2. The longer one will form a 
very useful ' pipette * for delivering small quantities, such as ] 
single drops of a liquid, in testing. For this purpose the j 
narrow end is dipped into the liquid, and the forefingec 
(moistened slighdy) is pressed firmly on the top of the tube 
(see Fig. 16): it may then be withdrawn, and the pressure of 
the air will prevent any liquid escaping, but by relaxing the 
pressure of the finger one or more drops may be allowed to. 
fall, as required. If the aperture of the jet is too large, hold k 
for a few moments in the blowpipe flame, turning it quickj^- 
round ; the edges of the glass will then sink in, and the size of 
the aperture may be reduced to any desired extent. 

3. To make a stirring rod. 

For this purpose the heat of a gas or spirit lamp is scarcely 
suflQcient ; it must be intensified by the use of a blowpipe. The 
best form of this instrument is fully described at p. 14, and it 
will only be necessary here to explain the method of using it so 

^ If the glass is very infusible the blowpipe flame must be used, bat a 
Bunsen's burner will generally be found to give heat euougl^, . 
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8 to produce the greatest effect. If a Herapath's blowpipe is 
t hand, the process is simple. Turn on the gas full, and light 
t at the mouth of the blowpipe. Then work the bellows 
;endy and uniformly,, and gradually reduce the supply of gas, 
intil you have a steady cone of blue flame about 10 or 12 cm. 
ong. 

[If a spirit or oil lamp must be used, the wick should be trimmed 

lat and pulled up sufficiently to give a large flame ; then with the 

trimming scissors separate the wick in two parts, and bend each 

portion sideways so as to leave a clear passage for the air between 

them. Arrange the lamp and jet so that the latter may lie, pointing 

slightly upwards, in the line of the passage just formed in the wick, 

and on a level with the top of it. Light the lamp, and, introducing 

the jet just within the flame, commence the blast of air. The flame 

of the lamp will now be almost entirely deflected in the direction of 

the stream of air ; and by pushing the jet a little further into the 

flame, or drawing it back beyond the margin, any kind of flame may 

be produced from a quietly-burning, pointed blue cone to a large 

roaring brush of flame ; the former being most suitable for the 

present purpose. If the flame is ragged or irregular, see whether 

any filaments of the wick stand in the way of the blast, and if so 

remove them with the scissors. If this does not cure the defect, 

the blowpipe-jet is dirty or not truly circular, and must be cleaned 

out by a large needle, or, better, by a small broach.] 

Having obtained a satisfactory flame, select a piece of glass 
tod about 5 mm. in diameter, and cut off a piece about 18 cm. 
long, as directed in the case of the glass tubing. Hold one 
end of this piece about 5 cm. in front of the visible flame, 
taming it constantly round by a twisting motion of the fingers, 
and gradually bring it just within the apex of the flame, which is 
its hottest portion. The edges of the glass will soon begin to 
melt, and the sharp angle will disappear as the glass approaches 
the liquid condition. The heat should be continued until the 
end is perfectly round, and then the rod should be gradually 
withdrawn from the flame and allowed to cool slowly, resting 
on another fragment of glass or on the table so that the hot 
end may project over the edge. As soon as it is cool, round 
off the other extremity in the same way. 
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[It should be noticed, once for all, that in all kinds of glas 
working, the process of annealing is of the utmost importance 
Glass must never be either heated or cooled suddenly, unless th 
special object is to produce a crack. The material is such a ba 
conductor of heat, that the end of a piece of glass may be raised t< 
a red-heat, while at a distance of 3 cm. from this portion it remain 
for some time sufficiently cool to be held in the fingers. In con 
sequence of this low conductivity, when heat is applied suddenly t 
a piece of glass, the parts immediately in contact with the source 
heat expand before the heat is communicated to the neighbourin 
parts, and thus tend to tear the latter asunder. Again, when glas 
is suddenly cooled, the surface contracts at once, and is torn asunde 
by the still expanded adjacent portions, which have not had time t 
lose their heat. The useful applications of this property will b 
alluded to presently ; but it should be a rule — ist. Never to bring 
piece of glass into the blowpipe flame suddenly, but to hold it fc 
half a minute, more or less according to the size and thickness c 
the glass, in the current of hot air in front of the flame, constantl 
turning it round, and heating more of it than is intended ultimatel 
to be brought to a red-heat. 2ndly, After the work is done, t 
withdraw the glass very gradually from the flame, occupying 
minute or so in removing it to a distance of 12 or 13 cm. in front c 
the flame ; then to leave it to cool very slowly in a position pre 
tected from currents of air. It will sometimes be found useful t 
have at hand a dish of strongly heated sand, into which the hot glai 
may be plunged and left to cool slowly ; and in all cases it is bette 
to err on the safe side, than to risk the breaking of a tube owing t 
its particles being in a state of tension from deficient annealini 
3rdly, Always to keep the glass turning while it is in the flam< 
The heat of a lamp or blowpipe is mainly applied to one side of a 
object, viz. that which is turned towards the wick ; while almos 
all operations in glass blowing require that the piece of glass shoul 
be uniformly heated on all sides. If this simple rule be not attende 
to, it will be found impossible to blow a good bulb and even to mak 
a good bend in a tube. Practice alone, however, can give tha 
steadiness of hand, and adhesiveness y as it were, of the fingers to th 
glass, which will enable the student to rotate a piece of tube whic 
is heated to fusion in the middle, without sensibly distorting th 
softened part. The portions of the tube on either side of th 
centre may be regarded as two distinct tubes united by a flexibl 
material; and the object should be, to keep these two tubes in th 
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same straight line, and to rotate them continuously at the same rate, 
without laying any stress on the connecting portion. It is generally 
best to hold the hands nnder the glass, the up-turned forefinger and 
thumb being chiefly employed in rotating the tube, while the other 
(ingers sustain it at such points that the portions of glass on either 
side of the heated part are pretty evenly balanced, and have no great 
tendency to tilt in either direction.] 



EXERCISE 3. 
Glass Working {continued). 



s requirad — The a: 
9 : Pieces of less f 
(Jlk-squeezer, or pliers ; narr 
It-tail file; piece of charcoa 



me as for Exercise i, wilh the following 
sible glass tubbg; corks; cork-borers; 
w-mouthed boHle, about 6oo cc capacity ; 
. about 3 cm. in diameter. 



, To fit up a washing bottle (see the List of Apparatus, 

?•) 

n doing this you will have 

lapply the experience in 

a working which you have 

^dy gained, and in addition 

n the method of boring 

ready the blowpipe, 
fflging it to give a brush- 
; as described in the last 
'ut off a piece of 
; tubing about 5 mm. in 
1 diameter and 50 cm. 
; hold it horizontally 
hands and heat it 
serving the precautions ~ "^^ 

I in p. 32) in the flame '^' 

I Bmiser's burner at a point about ig cm. from the rigbl- 
. extremity. As the tube is soniewhat Vong, ■^om ■«'& 

ntage in supporting: it near the oV^ei e«j«M.tj^ 
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on a ring of the retort-stand, or other support, fixed at the 
same height as the blowpipe. This will render it easier to keep 
the tube turning between the fingers (p. 32), aiid to maintain it 
in the proper position when it becomes soft. Allow the heated 
portion of the glass to become slightly thickened, then raise the 
tube out of the flame and draw it out slowly and carefuUj 
(waiting until the glass has so far cooled that a little force is 
required for the purpose), until the contracted portion is about 
as thick as a large knitting-needle. Allow it to cool slowly, 
and then cut it in two at the middle of the contracted portion. 
You have now two tubes, the one 35 cm. and the other 15 cm. 
in length, each |:erminating in a jet. Lay aside the shorter 
tube for the present, and heat the extremities of the longer tube 
just sufficiently to round off" the sharp edges ; then (using the 
fish-tail burner) bend it to an acute angle equal to that of the 
left-hand tube in Fig. 21, making the bend about 8 or 9 cm. 
from the jet. While it is cooling take the other tube, cut off 
the contracted portion at the end, round off the sharp edges of 
each end in the B.unsen flame, and bend it near the middle to an. 
obtuse angle equal to that of the right-hand tube in the figure. 

It naw only remains to fit these tubes to the bottle by 
means of a cork perforated with two holes. It will be best 
however to begin by practising the method of making a single 
hole in the centre of a cork. Take a good sound cork about 
2 cm. in diameter, squeeze it until it becomes soft and elastic 
(a pair of pHers or nut-crackers may be used instead of a 
regular cork-squeezer), then take it up thus, Fig 22, between 
the second finger and the thumb of the left hand, and place 
the sharpened end of the smallest cork-borer against it, as near 
the centre of one end as you can judge. Urge the cork-borer 
into the cork with a twisting motion, as if you were using 
a cork-screw. Some care will be required to make the hole 
straight through the cork, so that it may be truly central. Of 
the proper direction the eye will be the best judge : and when 
the cork-borer has penetrated some little way, it will be ad- 
visable to turn the cork a quarter round, in order that it may 
be seen whether the axis of the cork-borer and of the cork 
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i Btill in the same straight line. If not, a slight pressure 
i the cork-borer in one direction or the .other, while tliQ 
jring is continued, will set it straight. When the borer has 
inetrated quite through the cork it may be withdrawn with a 
Kting motion, and will bring with it a cylindrical plug of 
, leaving a hole, the sides of which should be smoothed 

1 the round or rat-tail file. The plug of cork remaining in 
I borer may be pushed out by means of a wire which is 

ally sold with the set of borers for that purpose. It should 
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i be thrown away, as such small corks are often very useful 
I stopping the ends of drying-tubes, and other purposes. 
Tien you have practised in a similar way on one or two 
: corks, and have learnt to control the direction of the 
r, you may complete the fitting up of the washing bottle, 
1 ordinary narrow-mouthed bottle holding about goo or 
; choose a cork slightly too large to fit it (since the 
I cork is reduced in size when it is squeezed), and render it soft 
and elastic by squeezing it. You have n 
to make two holes in it in the position of 
Fig- 23, on opposite sides of the centre, and 
about midway between the centre and cir- 
cumference. Take for the purpose 3 cork- 
borer rather smaller than the tubing which 
you have been using, and bore the two holes, 
with particular care that each hole does not run 'mlo tiit Ciiw 
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Fig. 23. 



36 PRELIMINARY EXERCISES. 

or pierce the side of the cork. The cork-borer may be slightfy 
.oiled, if thought necessary, but this will be seldom requisite if 
the end is kept properly sharp. The holes should next be 
smoothed and slightly enlarged by the rat-tail file, until the 
end of one of the tubes will just enter them when some little 
pressure is used. Now pass the longer branch of the longest 
of the two tubes through the cork, with moderate pressure^ 
and a twisting motion, until it projects so far as to reach, 
when the cork is fitted into its place, nearly to the bottom 
of the bottle. When this is done, pass one of the branches 
of the other tube through the other hole in the cork, until it 
projects 3 or 4 mm. on the other side. Fill the bottle with 
distilled water, fit the cork carrying the tubes tightly into the 
neck of it, and your washing bottle is ready for use. Blow 
gently through the up-turned end of the shorter tube, and see 
whether a fine stream of water issues from the jet of the other 
tube. If the jet is found to be too large, it may be easily 
reduced in size by holding the tip of it for a second or two in 
the flame of a Bunsen's burner. Care should be taken, not 
to allow any water to flow down into the jet, while it is being 
heated, which would infallibly crack it. 

If no water issues from the jet when you blow air into 
the bottle, either the aperture is closed up, in which case a 
small portion of the tip of the jet may be cut off with the file, 
or there is a leakage of air at the cork. Place a drop or two 
of water on the cork, and observe whether, on blowing as 
before, bubbles rise through it. If they do, you may remedy 
the fault either by pushing the cork more tightly into its 
place or by melting a little sealing-wax over the top of it, or, 
if these fail, by taking a new cork altogether, and boring the 
holes with more care. Never be satisfied with an imperfect 
apparatus. 

^ If much pressure is used the tube is not unlikely to break, and the 
splinters of glass may cause a serious cut. The hole should never be 
so much smaller than the tube as to make it necessary to use mudi 
force in passing the latter through it. It is a good plan, also, to wrap 
the tube in a cloth or handkerchief while it is l^ing passed through wt . 
hole in the cork. 
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^E^ To seal a glass tube. 

This is the simplest operation in glass blowing strictly so 
called, i. e. in which the assistance of the breath is called in, 
to mould the glass into shape; and it is one which the student 
is continually called upon to practise for mending broken test- 
Inbes and making arsenic reduction-tubes. 

Test.(nbes, however, are made of such thin glass (hat it 

is by no means so easy as it appears to seal them neatly ; 

and you will find it best to commence work on a piece of 

soft glass tube about 5 mm. in external diameter. Cut off 

a piece of this tubing about 15 cm. in length, and having 

arranged the blowpipe so as to give a large steady flame, 

hold the tube horizontally and bring it gradually into the 

hottest part of the flame, so that about i cm. near the middle 

may be thoroughly heated. When the glass becomes quite 

^fifi. remove it from the flame and draw it out a little by 

iiarating the hands, until it assumes the form of Fig. 24. 

> iw direct the flarae against the part which lies a little to 

;■- left of the most contracted portion, and draw it out further 

[ until nothing hut a thread of glass remains to connect the two 

portions of the tube. Fig. 35. This thread of glass should 




' ' n be heated just at the point where it joins the tube on 
"■■■■'. left hand, when it will fuse and divide, running up into 
■1 small knob against the thicker portion of the tube. Lay 
■iown the right-hand piece of tube (resting it on another 
i>i! of glass that it may not bum the table), and proceed to 
make the end of the other piece smooth and round. This 
lone by directing the flame upon the small projecting knob, 
■ I xh nil] soon fuse and partially incorporate itse\t ■m.'ih \.\ve 
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surrounding glass. The whole end of the tube will, ha 

ever, have become contracted and thickened, and must ; 

expanded a little by removing it from the flame and forcii 

air very gently into it from the mouth, until it takes the sha 

of Fig. 26. Do not blow too hard at first, or heat more- 

the tube than is necessary, or you will probably expand t 

sides of the tube into a bulb, which is not your pres€ 

object: your intention being simply to distribute evenly t 

thickened glass at the extremity by driving it forwards rath 

than outwards, and to mould the end of the tube into t 

regular round form of Fig. 26. If this is not accomplish 

at the first trial, bring the end of the tube again into the bla 

pipe-flame until it contracts, and blow it out as before, keepii 

the attention, while blowing, fixed on the heated glass so 

to be ready to moderate or stop altogether the supply of s 

from the mouth, if the glass shows signs of yielding U 

much. Now anneal the tube as above directed, and fini 

the other, or right-hand piece of tube, in a similar way, drawii 

it out and rounding it exactly as before. If the bit of capilla 

tube remaining attached to it is too short or too slight to 

used as a handle in drawing out the glass, it should be c 

off, and while the end of the tube is heated in the flan 

a bit of waste glass held in the right hand should be heat 

and pressed against it, and the flame directed upon tJ 

point of junction. The two pieces will then adhere, and 1 

applying the flame a little more to the left the superfluoi 

glass may be melted and drawn off", attached to the bit ( 

waste glass. Moreover, if the remaining knob be too large t 

be neatly melted into the bottom of the tube, it may, whei 

soft, be touched with a bit of heated glass and drawn off ii 

a similar way. 

After a few small tubes have been thus sealed, larger tube 
may be operated on in the same way, a larger blowpipe 
flame being employed. Test-tubes broken at the botton 
will be found good materials for practising on, and may b 
mended by drawing off" the broken portion and sealing then 
as above. The glass of which these tubes are made is » 
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that it is not easy at first to avoid over-heating them in 
le one spot, thus producing a mis-shapen end, which is 
te inadmissible in vessels which, like test-tubes, are ex- 
to comparatively sudden changes of temperature. The 
med portion should not be drawn out much at first, but 
)wed to sink in and contract of its own accord, in order 
i thicken it a little : and especial care must be taken that the 
torn is of uniform thickness and well annealed. If there 
a crack in the tube, the piece must be broken off by a 
jht blow; or, better, the crack may be led round the tube 
described ih the next section, otherwise it will extend itself 

the tube is heated. 

Another very useful form of sealed tube, which may be 

le by the student himself, is that known as the ^arsenic 

which serves for heating substances either per se, or 

a flux, in the preliminary examination in qualitative 

lysis. These tubes are of hard infusible glass, about 

or 6 cm. long and 5 mm. in external diameter ; and the 

lufacture of them will be a moderate test of proficiency, 

it will require some dexterity to get rid entirely of the 

knob of glass already mentioned. The end must be 

strongly heated, and the breath thrown in with some 

J, the moment that the glass is removed from the flame. 

[These tubes are shown of the actual size in Fig. 27. It will 




Fig. 27. 



be seen that the sealed end is slightly expanded so as to 
form a small bulb. This is done after the knob has been 
got rid of, by strongly heating a portion of the sides as well 
as the end of the tube, and then blowing into it with con- 
siderable force. The bulb should not, however, be larger 
than is shown in the figure, or it will be too thin to be of 
much use. 
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3. To divide glass by leading a. crack along it. 
The low conducting power of glass for heat renders it, 
has been already noticed, very liable to crack from suddcBi 
changes of temperature. From the same cause, however, 
is easy to extend a crack, when once begun, in any desiji 
direction by heating the parts of the glass which lie just 
front of the crack. The method is extremely simple, and w 
be found especially useful in cutting off the necks of flas 
when they are chipped or uneven, and in making evaporatii 
basins or capsules out of broten flasks or retorts. 

Suppose, for instance, a Florence flask has, as is often ti 
case, a neck too uneven to allow of a cork being fitted in 
it. Arrange the blowpipe to give a rather large flame; taJ 
any waste bit of glass rod or tube about 6 mm. in diamet 
and 7 or 8 cm. in length ; draw it out in the flame as directi 
in the last section, leaving the end somewhat pointed, Nc 
take the body of the flask in the left hand, the neck pointing 
upwards, and, having heated the pointed end of the rod to full 
redness, apply it to the outside 
edge of the neck, and hold il 
there for a second or two. . 
is very probable that a. so. 
crack will be thus started, 1 
if not, it may with certainty 
be produced by removing the 
heated rod, and immediate^ 

;hing the spot lightly a 
a moistened finger or splinter 
of wood'. The crack onWE 
begun, press (he red-hot end 
of the rod on the glass a ii 
in front of it. Fig. a8, when fl 
will at once extend itself B 
id by slowly drawing the rod in the directio^ 

■y makinE a notch with the file in the place and in Ihe direcrfoo 
which the ctack should be, and applying the liealed rod to the end of t 
natch, it is easy to start a cratk a.t 
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nequired, re-heating it from time to time in the blowpipe-flame, 
Ae crack may be led at first a short distance downwards, and 
then, turning at right angles, horizontally round the neck so as 
to cut off a ring of glass including the uneven portion. It is 
generally not possible to carry the crack entirely round the 
glass until it returns into itself; a small portion of the glass 
will remain undivided, but after laying down the rod the ring 
may be readily pulled off, a very slight inequality marking the 
point where the crack was incomplete. 

A rather better form of termination for the rod, especially 
when the glass to be cracked is somewhat thick, is the 
following. Fig. 29. It is made by heating strongly about 
5 or 6 mm. of the end of the rod, and then, the rod being 



Fig. 29. 

held in a slanting direction, pressing it down on any flat 
metallic surface. The glass will spread out laterally, and by 
turning the rod half round and pressing it down again in the 
same way the desired chisel-shape will be obtained. In using 
it the edge should be kept in the line of the crack required, 
and moved along the surface with slight pressure. The ad- 
vantages of this form are : ist. That more of the glass in 
the desired line is heated at once, so that the crack extends 
more rapidly, yet under perfect control; 2ndly, That it is 
easier to lead the crack in an unswerving straight line, the 
eye being guided by the line of the edge of the tool, than 
when a blunt point only is used, precisely as a carpenter 
finds it easier to cut the side of a mortice by a broad chisel 
than by a narrow one. 

Having thus rendered the neck of the flask even, it will 
be desirable not only to fuse the edge in the flame, but to 
tarn it slightly outward so as to form a border like that of 
a bottle, which will give it much greater strength wheiv 'd. eoik 
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is to be fitted to it. To do this a very simple tool must be 
first prepared. Select a piece of sound charcoal, free from 
fissures, about 3 cm. in diameter, and 8 or 9 cm. long. Cut 
and rasp the end of this to a point like that of a pencil, 
but more obtuse, the angle at the apex being nearly a right 
angle. Take the flask ih the left hand, and cautiously heat 
the extreme edge of the neck in the blowpipe-flame until it 
softens, turning it constantly round and holding it at right 
angles to the flame so that the latter may play across the 
mouth and heat two opposte sides of the glass at once. 
When the glass begins to soften and sink inwards, take the 
pointed charcoal in the right hand and press it gently with 
a twisting motion into the neck. The edge will spread out, 
and by repeating the operation a border shaped thus. Fig. 30, 
will be obtained, which should be annealed with especial 

care. 

Test-tubes, &c. may be bordered in the 
same way, but it is best to use a spirit lamp 
or Bunsen's burner, and not the blowpipe, 
for heating the edges, on account of the 
thinness of the glass. 

4. To graduate a test-tube for use as a 
measure, 
p- -Q The cylindrical measure (No. 30, p. 9) 

is not intended for small quantities, such 
as I or 2 c.c. If a graduated pipette (No. 72) is not at 
hand, a useful measure may be made in the following way. 
Select a test-tube of stout glass, about 1.5 cm. in diameter and 
1.5 cm. in length. Place a beaker in one scale of the balance^ 
and support in it the empty test-tube. Counterpoise them by 
a beaker partially filled with water (or by small shot) placed in 
the other scale. When you have seen that the scales are iB 
equilibrium, put into the scale containing the counterpoise ft 
I grm. weight, and pour distilled water into the test-tube firoitt 
the jet of the washing bottle until equilibrium is restored. If 
too much water is added, the excess may be removed by a glass 
rod, or by the pipette which you have ahready made (p. ig)^ 
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You have now in the test-tube i grai. of water, which (neglect- 
ing the small correction for temperature) will measure i c.c. 
Bring the test-tube up to the level of the eye and make a slight 
mark with a file at the level of the bottom of the curve formed 
by the surface of the water. Then weigh into the tube in 
a similar manner, 2 grms., 5 grms., 10 grms., and 20 grms. of 
water, making a file-mark at each point. Finally, make a 
shallow scratch with the file at each of the marks, guiding the 
edge of the file by a strip of card held firmly round the tube. 
The lines may extend round one-fourth of the circumference of 
the tube, and the figures i, 2, 5, 10, 20 c.c. may be scratched 
on the glass close to the proper mark with a sharp point of the 
file,, or, better, with a writing diamond. The tube should not 
be kept with the other test-tubes, but put away in the drawer 
by itself. 

EXEBCISE 4. 
Solution, Evaporation, and Crystallisation. 

A.sp«rata8 required — Porcelain mortar" and pestle ; scales and weights ; 
flask, about 300 c.c. capacity ; glass measure ; retort-stand ; sand-bath, 
with sand ; argand, or spirit lamp ; funnel, 7 cm. in diameter ; filters, 
14 cm. in diameter ; beaker ; porcelain dish, 1 2 cm. in diameter ; watch- 
glass; glass rod; crucible tongs; washing bottle, filled with distilled 
water; cloth; writing-paper; blotting-paper; alum; sodium sulphate. 

Place the mortar on a clean sheet of paper, and put into 
it two or three lumps of common alum. Reduce these to 
a coarse powder by first striking them with the pestle until 
tbey are broken up into small pieces and then completing the 
pulverisation by rubbing these fragments with a circular move- 
Baent of the pestle (not unlike the motion used in stirring 
a liquid, but combined with downward pressure), occasionally 
shaking down to the centre portions of the salt which adhere 
to the sides of the mortar. When this is done, take two pieces 
of writing-paper about 14 cm. square, turn up two opposite 
ades of each, so as to form a trough, and place one in each 
scale of the balance ; they should then be found to comisX.^!- 
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balance each other, on raising the beam. Into one scala 
pan put weights amounting to 30 grms., and into the otho 
bring some of the powdered alum, using a card or spatub 
for transferring it. Continue to add the salt until the beaB 
turns, then remove any excess of the powder little by littl^ 
until the beam remains level, showing that there is the 
weight in each scale. Now take out of the scale the 
with the powder in it, and transfer the latter to a flask thia^ 
Fig. 3'- 




Fig- 3 



Place the measure on a level table, and pour distilled 
water into it until the lowest part of the curved surface Dl 
the water is seen to touch the division which marks igocf 
The eye should be placed on a level with this division aS 
neither above nor below it, or it will be impossible to obtaj 
a correct measurement. Pour the measured water into tl 
flask and set the latter on the sand-bath, in which should \ 
placed enough sand to form a stratum about i cm. deep, S 
rather less. Support the sand-bath on the largest ring ( 
the retort-stand, and place under it a gas or spirit lamp ivU 
a moderately large flame. 

While the soludon of the alum is going on, you may g 
ready a filter, or strainer, to separate any particles of d 
which may be in the liquid. Take a circular piece of filtei 
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paper about 14 cm. in diameter, fold it in half, and then 
^ain at right angles to the first fold, so that the circle is 
reduced to a quarter-circle consisting of four thicknesses 
of paper. Open this out, so 
as to form a conical cavity, 
having three folds of the paper 
on one side and one on the 
other; and place it in a fun- 
nel slightly larger than the 
filler thus folded. Fig. 33 will 
serve to explain the mode of 
foiding the filter. The filter 
should fit the funnel pretty 
accurately, and may require to Fig. 3a. 

be opened out a httle more, 

or, on the other hand, contracted so as to form a more acute 
cone ; but in all cases care should be taken not to injure the 
point, which, although it requires most strength, is generally 
the weakest part, since all the creases meet there. 

Set the funnel in a ring of the retort-stand, and place 

under it a beaker or other vessel. Pour a little distilled water 

upon the filter, directing the stream not into the point, but 

■ Jown the thicker part of the side, and allow the water to drain 

■pff into the beaker. Meanwhile see if the whole of the alum 

Ipu by the aid of the heat dissolved in the water, and if not, 

PAake the flask to bring fresh portions of the liquid into contact 

with the undissolved portion. When the solution is complete, 

like an-ay the lamp ; take the flask out of the hot sand and put 

Lip its place a porcelain dish ; turn round the ring holding the 

■1""°' raising or lowering it if necessary, until the tube of 

Kk fimnel just touches the side of the dish near its rim. Now, 

ppaaping the neck of the flask with a cloth, pour its contents 

f llong a glass rod. Fig. 33, so as to fall on one side of the 

I Alter; pouring slowly at first, until the filter becomes fully 

I Blurated with the solution, but afterwards keeping the filter 

I Marly full. When all the liquid has run through, remove the 

I fiinnel and filter, and replace the lamp in order to evs.^Tila 
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the solution ; i.e, to drive off the water until only enough 
to retain the salt in solution at a temperature near the boil 
point. The liquid is then said to be 'saturated' at 
temperature. To see when this is the case, dip from 




to time a clean glass rod into the solulion and place a d 
of the liquid on a glass plate or ivatch-gkss. If it depO 
minute crj'slals on cooling, the proper point has been reac 



SOLUTION^ EVAPORATION, AND CRYSTALLISATION. 47 

The lamp should then be removed, and the porcelain dish 

taken carefully from the sand with a pair of crucible tongs (or 

with the fingers protected by a glove or cloth), and deposited 

on a folded cloth laid on the table. Cover it loosely with a 

piece of blotting-paper supported underneath by a short glass 

rod or tube laid across the dish. The whole should now be 

left quite undisturbed for two or three hours, in which time 

a good crop of crystals ought to be formed by the slow cooling 

of the solution. Meanwhile, if time permits, you may make 

a similar experiment in exactly the same way, using sodium 

sulphate instead of alum. 

When the dish containing the crystals is quite cold, pour 
off the remaining solution, or ' mother liquor ' as it is called, 
into a beaker, holding a glass rod in contact with the lip of the 
dish, so that the liquid may run down it and not down the out- 
side of the dish. After the last drops have drained away, shake 
out the crystals on a folded sheet of white blotting-paper, dry 
them by pressing them gently and repeatedly with fresh pieces 
of blotting-paper, and then transfer them to a bottle. 

Notice the totally different form of the crystals of the two 
salts ; the alum crystallizing in shapes derived from the octo- 
hedron, a solid figure obtained by joining two four-sided 
pyramids base to base ; the sodium sulphate crystallising in 
long four-sided prisms, like flattened rods. 

Notice also the different behaviour of the salts when a crystal 
of each is exposed to the air for some time : the alum remains 
nearly unaltered, while the sodium sulphate ' effloresces,' as it 

• 

IS tenned, or becomes converted into a white opaque substance, 
i>y giving up a certain amount of water which it contains, and 
which seems essential to its crystalline form. The water thus 
combined with the salt is called * water of crystallisation.' 

Mix in a clean porcelain dish the solutions of alum and 
sodium sulphate which were poured off the crystals, evaporate 
fe mixture, as before, on the sand-bath, and leave it again to 
<*ystallise. You will now obtain a crop of crystals of both 
•As, and each will be found to have crystallised in its o\mi 
"I daracteristic form. If, however, the evaporation has not been 
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carried very far, the alum (which is the least soluble of the tw< 
salts in cold water) will crystallise alone. This method, o 
partial crystallisation, is continually employed for the purpos« 
of separating a crystallisable salt from impurities which ar 
more soluble than itself. 



EXERCISE 5. 

Solution. 

Apparatus required — Retort-stand; sand-bath and sand; argand, o: 
spirit lamp; scales and weights; porcelain dish, 8 cm. in diameter 
stoppered bottle, holding about 6oo c.c. (a wide-mouthed gas bottl< 
will do); glass rod; two watch-glasses; test-tube, about 1.5 cm. ii 
diameter ; writing-paper ; cloth ; washing bottle, filled with distillec 
water; quicklime. 

The salts which you have selected for the last experimenl 
are not only very soluble in water, but also more soluble in 
hot than in cold water ^ You may take calcium hydrate as an 
example of a substance which dissolves only in small proportion 
in cold water, and is still less soluble in boiling water. 

Weigh out, as above directed, 5 grms. of good quicklime 
place it in a porcelain dish, and pour over it a few drops <> 
distilled water from the washing bottle. The lime, if it u 
freshly burnt, will become very hot and fall to pieces, formini 
a white impalpable powder. The water disappears entirely 
its elements having united with the elements of the quicklina< 
to form a single substance, calcium hydrate ^ 

Add more water in successive small portions, until all th€ 

at 0°, at 33°, at 100°, 
^100 c.c. of water dissolve 5.22 ; 22 ; 421 grms. of alum. 

„ „ „ 12.0; 332; 244 „ of sodium sulphate. 

Hence we see that, while sodium sulphate is more soluble in hot than 
in cold water, its solubility does not increase regularly with the temperature 
reaching a maximum at 33°, and then slightly decreasing. 

* The evolution of heat is due to two causes : — (1) The chemical coi»' 
bination which is taking place. It is a good example of the universal 
law that heat is evolved during chemical combination. (2) The fact that 
a liquid (water) is entering into combination, while a solid (calcian 
hydrate) is the sole product. For in all cases in which a liquid becomei^ 
a solid, heat is evolved. 
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lumps of lime have been broken up, and the mass is thoroughly 

moist : then transfer it with the help of a glass rod or spatula 

to a stoppered bottle holding about 600 c.c. The last portions 

may be rinsed in by the aid of a stream of water from the 

jet of the washing bottle. Fill the bottle nearly to the neck 

with distilled water, and, after inserting the stopper, shake the 

liquid for a minute or two, then leave it undisturbed for a 

quarter of an hour. You will notice that the salt does not 

dissolve, like the alum, to a clear fluid (although you have 

added about ninety times its weight of water), but that the 

greater part of it subsides to the bottom of the bottle. Leave 

the bottle until the next day, occasionally shaking it thoroughly. 

You will find that even then there is a large quantity of calcium 

hydrate remaining undissolved ; indeed, you will require some 

positive proof that any of it has been dissolved. 

Take out the stopper, wipe the inside of the neck of the 
bottle with a clean cloth, and pour some of the liquid into 
a test-tube, inclining the bottle very gently so as to avoid 
disturbing the sediment Hold the test-tube up to the light, 
in order to see if there are any solid particles floating in the 
fiquid. If such is the case, the liquid may be filtered into 
another test-tube. The following experiments should be tried 
with the clear solution : — 

1. Dip a clean glass rod into the liquid, and taste what 
adheres to the rod. You will find that it is not tasteless, like 
pure water, but has acquired a sharp caustic taste. 

2. Pour a few drops into a watch-glass ; place the latter upon 
the sand-bath supported, as before, on a ring of the retort- 
stand, and evaporate the liquid to dryness. For the sake of com- 
parison you may evaporate in another watch-glass (placed on 
the same sand-bath) a little of the distilled water which you 
have been using. When all. the water has been driven oif, 
you will find that in the former case a. solid white residue is 
left on the watch-glass, in the latter case there is no residue 
whatever, or at all events a mere trace. The occurrence of 
such a residue is a conclusive proof that something has been 
dissolved by the water. 

£ 



50 PRELIMINARY EXERCISES. 

3. While the evaporation is proceeding, you may heat over 
a spirit lamp the test-tube containing the remainder of the 
solution of calcium hydrate. 

The operation of heating a test-tube in the naked flame 
requires some care, otherwise the tube may crack, or its contents 
may be thrown out, owing to the sudden formation of large 
bubbles of vapour at the bottom of the tube. Hold the tube in 
a slanting position, turning it round between the fingers and 
moving it to and fro in the flame ^ so as to distribute the heat 
over as large a surface as possible. Remember, however, that 
no heat must be applied to the part of the tube above the level 
of the liquid ; otherwise, if the colder liquid should reach this 
part, the tube will be almost certain to crack. When the liquid 
has nearly reached the boiling-point, remove the tube from the 
direct flame and hold it at the side or above the flame, occa- 
sionally shaking it to promote the formation of bubbles of 
vapour. 

Observe that the liquid, as the temperature rises, becomes 
milky, a solid substance being formed in it. This is owing 
to the fact that calcium hydrate is much less soluble in hot 
than in cold water^. A solution, therefore, of calcium hydrate, 
which is saturated at the ordinary temperature, will deposit 
a portion of the substance when it is heated. Cork the tube 
and cool it by immersing the lower portion of it in cold water, 
shaking it occasionally. The greater part of the turbidity will, 
after some little time, disappear: the calcium hydrate being 
again dissolved. 

Pour off the rest of the solution of calcium hydrate into 
a clean bottle, inclining the bottle which contains the solution 
very gently, in order to avoid disturbing the solid substance at 
the bottom. This operation is called ^ Decantation,' and will 

^ If the tube becomes too hot to be held between the fingers, a simple 
and convenient holder is obtained by folding half a sheet of writing-paper 
into a band about 2 cm. in breadth. This should be passed round the tube 
near its mouth, and held (close to the tube) between the forefinger and 
thumb. The jaws of a Bimsen's holder. Fig. 3, taken out of the socKet, also 
form an excellent holder. 

' 100 c.c. of water dissolve at 15°, 0.173 grms.; at 100°, 0.083 grms. ^ 
calcium hydrate. 
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be again alluded to in the next Exercise. Be careful to cease 
pouring before any turbid solution finds its way into the second 
bottle ; close the latter with a good cork or stopper, and, after 
placing a label on it, put it away for use in future experiments. 



EXEBCISE 6. 

Precipitation and Filtration. 

Apparatus required — Retort-stand; sand-bath with sand,; argand, or 
spirit lamp ; scales and weights ; glass measure ; two flasks or beakers 
of about 250 c.c. capacity; two funnels, 7 cm. and 10 cm. in diameter; 
filters ; beaker, 7 cm. in diameter ; glass rod ; test-tube ; washing bottle 
with distilled water ; writing-paper ; blotting-paper ; sodium carbonate ; 
barium chloride. 

Make a solution of sodium carbonate, in the manner de- 
scribed in Exercise 4, by heating 5 grms. of the crystallised salt 
with 50 c.c. of distilled water in a flask or beaker. Make a 
solution in a similar manner of barium chloride, containing 
4 grms. of the salt dissolved in 50 c.c. of distilled water. Filter 
the solutions if they contain any floating insoluble particles. 
Pour the solution of barium chloride into a beaker, and add to 
it the whole of the solution of sodium carbonate. As soon as 
the two solutions come into contact, a dense white cloud will 
be formed in the liquid, and a white powder will gradually settle 
to the bottom of the beaker. This production of a solid by 
the action of two salts in solution upon each other is called 
'Precipitation,' and the solid thus formed is called a * Precipitate.' 
In the present instance the precipitate consists of barium car- 
bonate, and the liquid above the precipitate is a solution of 
sodium chloride, containing also the excess of sodium car- 
bonate. In order to separate the precipitate from the solution, 
we have recourse to the process of filtration described in 
Exercise 4. 

Place a filter, about 20 cm. in diameter, folded as there 
directed, in a funnel about 10 cm. in diameter, taking care that 
the filter fits the funnel closely and does not project beyond 

E 2 
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its rim. Wet the filter with distilled water and allow it to 
drain for a few momients ; then support the funnel in a ring 
of the retort-stand, place under it an empty flask, and pour the 
liquid from the beaker down the side of the filter, using a glass 
rod to direct the stream, and taking care not to disturb the 
precipitate more than you can help. When the greater part 
of the liquid has been poured oif, fill up the beaker again with 
distilled water, stir up the precipitate with a glass rod, and leave 
it to subside. When the liquid above the precipitate is tolerably 
clear, pour it oif again into the filter, still retaining the bulk of 
the precipitate in the beaker. Repeat this operation of filling 
the beaker with water, allowing the precipitate to subside, and 
then pouring ofif the clear liquid, two or three times. This 
process is called 'washing by decantation,' and is especially 
adapted for cases where we have a powdery, quickly-subsiding 
precipitate. Finally, transfer the whole of the precipitate to the 
filter, by stirring it up with a little water, pouring it quickly into 
the filter and again rinsing the beaker with more water. 

It may happen that the first portions of the liquid which run 
through the filter are turbid. If this is the case, they should be 
poured back into the filter, another flask or beaker being placed 
to catch the fluid. If however the filtrate is still turbid, there 
is reason to suspect that there is a hole in the filter itself. In 
such a case it will be best to return the precipitate to the flask 
by making a large hole through the apex of the filter, by means 
of a glass rod pressed vertically downwards, and washing down 
the precipitate by a strong stream of water from the washing 
bottle. Another filter should then be fitted to the funnel and 
the precipitate transferred to it as before. The washing of the 
precipitate must now be completed on the filter, in order to 
free it from all traces of the solutions from which it was 
formed. This is done by pouring over it a gentle stream of 
water from the jet of the washing bottle, until the funnel is 
nearly, but not quite, full, the level of the water being on no 
account allowed to rise above the edge of the filter. When the 
washing water has entirely run through the filter, you may pour 
on a fresh supply, taking care to direct the stream on the sides 
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: filter so as to wash the precipitate towards the centre. 
[Order to ascertain when the washing has been carried far 
u must examine the liquid which runs through the 
r into the flask, by adding to it a few drops of a solution 
>arium chloride, made by dissolving in a test-tube one or 
b crystals of the salt in a little water. If the addition of this 
tduces a turbidity in the filtrate, it is a proof that there stfll 
ime sodium carbonate adhering to the precipitate, 
ashing must be continued until the filtrate remains 
; clear even on heating with the barium chloride. When 
case, cover the funnel with a piece of filter-paper 
led down at the sides so as to form a cap, and set it aside 
iry in a warm place. The barium carbonate will, in drying, 
ract and separate from the filter: it may be shaken into 
biortar, crushed to powder, and kept in a botUe for use in 



EXBRCISE 7. 
DlstlUatdon. 

IB required — Plain or stoppered retort, about 200 c,c. in capacity ; 

* retort-stand; ^nd-bath with sued: argand, or spiiit l^mp; Ibisllc funnel; 

small flask; porcelain mortar; Bunsca'a holder; fnnnel, 10 cm. in 

diameter; beitker; test-lube-stand and six test-tubes; watch-glass; 

■waahing bottle with distilled water; wooden blocks; blotting-paper; 

I Jamp-cotton, or low ; cloth ; solutions of barium chloride, silver nitrale, 

lalale, hydrogen nitrate (dilute). 



^K iamp- 

^^ Select a plain retort with a long neck; lay a folded cloth 
upon the table and place the relort upon it, supporting its 
neck in a vertical posidoo by passing it ttirough the smallest 
ring of the retort-stand. Pour common water into the retort 
until it is half full, using a thistle funnel with long tube passed 
down the neck so as to avoid welting that part as far as possible. 
[If you have a stoppered retort, it may be filled through the 
lubulure after it is arranged in its place; a common funnel 
being used, and care being taken to avoid wetting the neck.^ 
When this is done, remove the funnel and p\ace v\it \kh 
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the retorl upon the sand-bath, supported upon the largest t 
of the relort-stand at such a height as to allow the lamp to 
placed under it. Pass the beak of the retort into a clean St 
placed in a slanting position in the porcelain mortar, ! 
support the latter on wooden blocks at such a height that tl 
may be a gradual fall from the point at which the neck joins; 
body of the retort to its outer extremity, Take a pieoi 
blotting-paper about 1 8 cm. in breadth and about three-foifl 




Fig. 34- 



as long as the neck of the retort; fold two of its adja 
comers inwards so as to give a wedge-shaped outline tq 
paper, wet it thoroughly, and place it over the neck of the TB 
so that while the narrower part of the paper lies upoa 
broader part of the neck, the narrower part of the neck J 
be completely enveloped by the paper, the two unfolded co^ 
wging down some way below Hl 'iiexl., take a t 
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lotting-paper about lo cm. in breadth and somewhat shorter 
m the first strip, fold it, in the direction of its length, into 
shape of the letter M, and place it like a saddle upon the 
rst wrapper. Just beyond the lowest end of the folds of 
iper, twist round the neck of the retort a few strands of lamp- 
)tton or of tow, thoroughly wetted, the end of which should 
mg down lo or 12 cm. The object of this is to prevent the 
Iter which trickles down the paper from passing any further 
I down the neck of the retort and entering the receiver. 
Underneath the end of this piece of cotton is to be placed a 
beaker or basin to catch the waste water. Directly over the 
upper extremity of the paper-wrapping support in the Bunsen's 
holder a large funnel, the neck of which has been partially 
plugged up by a bit of paper or tow, so that water will only 
issue from it in drops. The arrangement of the whole 
apparatus is shown in Fig. 34. Now light the lamp and put 
it under the sand-bath. While the water is being gradually 
heated, it will be well to see that the condensing arrangement 
is in proper order. Fill the large funnel with common water, 
and see that the drops fall slowly and regularly from its beak 
upon the uppermost of the two strips of paper, and that the 
water, after saturating the paper, finds its way into the beaker, 
and not into the receiver. You will now see the use of the 
upper strip of paper ; it serves as a channel to guide the drops 
of water and to distribute them regularly over the paper- 
wrapping underneath. 

The water in the retort will soon begin to boil, and the 
steam, passing over into the colder parts of the neck, will be 
reconverted into water which will collect in drops and run down 
into the receiver. When twenty or thirty drops have thus 
distilled over, withdraw the receiver (holding the neck of the 
retort steady with one hand), and pour away the liquid which 
it contains ; since the first portions which come over are liable 
to contain impuMties derived from the neck of the retort. 
When the last drop has drained away, replace the receiver in 
its former position and continue the distillation until about 
toee-fourths of the water in the retort has passed over, "^oxa, 



1 



56 PRELIMINARY EXERCISES. 

from time to time, some cold water into the large fimnel so as 
to keep it nearly full. Be particularly careful to regulate the 
heat so that the water may not boil so violently as to splash 
over into the neck of the retort, and thus be carried down into 
the receiver. If, in spite of care, it boils unsteadily, with 
* bumping,' owing to the sudden formation of large bubbles of 
steam in contact with the more strongly heated portions of the 
retort, it will be advisable to remove the lamp, to wait until the 
temperature of the water has sunk a few degrees, and then, 
having withdrawn the receiver, to push down with a glass rod 
into the body of the retort a fragment or two of charcoal, or a 
bit of crumpled platinum foil. This will, in consequence of its 
numerous angles, materially assist the formation of smaller 
bubbles of steam, and when the lamp is replaced the boiling 
will go on more quietly. 

While the distillation is going on, you may examine the 
qualities of the water which you are using, in the following 
way : — 

Place three clean test-tubes in the stand, and fill them about 
one-third full of the same water which you have taken for 
distillation. 

{a) Add to the contents of one test-tube five or six drops 
of dilute hydrogen nitrate (nitric acid), and then one drop of 
solution of barium chloride ; shake the test-tube, and hold it ^ 
up to the light. If a white cloudiness or precipitate is pro- 
duced, it is a proof that the water contains a sulphate. 

{b) Add to the contents of another test-tube five or six drops i 
of dilute hydrogen nitrate, and then one drop of solution of : 
silver nitrate. If a white cloudiness or precipitate is produced, 
the water contains a chloride. 

{c) Add to the contents of the remaining test-tube three (^ 
four drops of solution of ammonium hydrate (ammonia), and 
then one drop of solution of ammonium oxalate. If a white 
cloudiness or precipitate is produced, the wftter contains a cal- 
cium salt^. 

^ If the water which yoii have used is fresh spring water, and if, frou* 
experiment c, you have dUscovered l\iat a ca\d\mv %a^& U ^reseat, you wil'- ] 
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[For the best method of pouring from a bottle, see p. 53.] 

Before the water in the retort has wholly evaporated, you 
should stop the distillation by removing the lamp, and with- 
draw the receiver, resting the beak of the retort temporarily 
upon the edge of the mortar. You have now to examine the 
water which has collected in the receiver, in order to see if 
the process of distillation has freed it from impurities. 

Place three clean test-tubes in the stand, pour into each 
some of the distilled water, and repeat experiments a, 5, c. 
The water should give no cloudiness or precipitate in any of 
the above experiments, and if a few drops are poured into 
a clean watch-glass and evaporated to dryness on the sand- 
bath no solid residue should be left; otherwise it is most 
likely that the water in the retort has boiled too rapidly, and 
a portion of it has splashed over, or has been carried over 
as spray into the receiver. 

The retort and the rest of the apparatus should now be 
cleaned and put away for future use. If there is any deposit 
in the retort which cannot be removed by water alone, a few 
drops of dilute hydrogen chloride (hydrochloric acid) will at 
once dissolve it \ 



EXERCISE 8. 
Use of the Fneumatio Trough. 

Apparatus required — Pneumatic trough; two cylindrical gas jars, 
5 X 18 cm.; one ditto, 3 x 10 cm. ; jug of water; cloth. 

Fill the trough with clean water up to the level of the over- 
flow-pipe, or about 2 cm. above the shelf, and place it before 

probably find that, as the distillation proceeds, the water in the retort 
becomes turbid, and a white deposit is formed. The reason of this will be 
explained in Sect. 2, £x. 6. 

^ It will be scarcely worth your while to attempt to distil for yourself 
all the water you will require. You will in all probability be able to 
obtain it at the nearest chemist's shop at a cost of 2d. or ^d. per quart. 
But the water which you buy should in all cases be examined by the above 
tttts, and rejected at once if any impmity is found in it. 
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you on the table, the broad fixed ledge being farthest from 
you, and the movable shelf being placed near the left-hand 
end of the trough. Take one of the large cylindrical jars, and, 
holding it nearly horizontally in the right hand, plunge it into 
the water, the mouth of the jar being held a little higher than 
the closed end, in order that the air may more readily escape. 
When the jar is filled with water and wholly immersed in the 
trough, bring the closed end uppermost and raise the jar 
vertically until its mouth is on a level with the shelf, and then 
move it laterally until it rests over the hole in the shelf: taking 
care to keep the mouth always below the surface of the water. 
So long as this qondition is fulfilled, you will find that the jar 
remains full of water, the column of water being retained in 
it by the pressure of the air on the surrounding water. Next, 
take a similar jar, holding it vertically, mouth downwards, the 
closed end being grasped by the right hand, and bring its 
mouth about 3 or 4 cm. below the water-level in the trough. 
It will now represent a jar full of gas, which is to be transferred 
or decanted into the other jar. This is effected by a manipula- 
tion quite analogous to that by which we pour water from one 
vessel to another, the only difference being due to the fact 
that instead of pouring water downwards through air, we have 
to pour air upwards through water. Hold the jar containing 
water steady with the left hand, bring the mouth of the other 
jar under the hole in the shelf, and gradually depress its closed 
end so that the air contained in it may ascend bubble by bubble 
through the hole into the jar placed over it. The level of the 
water in the latter will fall until the jar is completely filled with 
air. The reason for steadying it with the left hand will now 
be evident, since it will show a tendency to topple over owing 
to the upward pressure of the water; and it is best never 
to fill a jar completely with gas, but only so far that the level 
of the water inside and outside the jar may be the same. It 
can easily be filled completely, when required, from another 
jar. 

Repeat the experiment, decanting air from the one jar into 
the other until you can do so without allowing a single bubble 
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to escape. It is not necessary that the jar should rest on the 
shelf, but it may be held in the left hand, as in Fig. 38, p. 74, 
its mouth being retained about 2 cm. below the water-level, and 
the mouth of the jar of air brought close to its edge, and 
a very little to the right of it, since the bubbles of gas have 
a forward as well as an upward direction. You may, in the 
next place, fill the small jar with water and decant air into it 
from the larger one. This will not be found so easy, since the 
bubbles of air from the mouth of the jar are so large that 
unless the jars are held steady and the decantation is very 
gradual a waste of gas is likely to occur, and must occur if the 
disproportion between the mouths of the jars is very great. In 
such a case, as when gas is to be transferred to a test-tube, 
it is better to decant it first into a jar of intermediate size, and 
then into the tube ; or, the object may be effected in the follow- 
ing way. Fill the tube in the usual way with water, and insert 
into its mouth, still held downwards below the water-level, the 
up-tumed beak of an inverted funnel about 7 cm. in diameter. 
Retain the funnel in its position by placing the little finger 
raider the rim, the tube being held upright between the thumb 
and the other fingers. If, now, air be decanted from a larger 
jar, bubble by bubble, into the funnel, the bubbles will rise 
into the tube without any loss, the displaced water making 
its escape between the mouth of the tube and the funnel, 
which latter should not be held too closely in contact with the 
former. 

Having thus learnt the general method of using the pneu- 
niatic trough, you will proceed, in the next Exercise, to employ 
it for collecting and experimenting upon oxygen gas. 

[Before, however, putting away the trough, you may examine the 
alteration in volume which gases undergo at different temperatures, 
in the following way : — 

Take a test-tube about 2.5 cm. in diameter and 15 or 20 cm. in 
length ; place round it, about the middle, a small india-rubber band ; 
fill it with water, and place it inverted upon the shelf of the trough. 
Decant air into it from a small test-tube until, when your eye is 
brought on a level with the india-rubber ring, the lowest part of the 
curve which is formed by the surface of the liquid appears juit lo 
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touch the upper edge of the ring^. Heat a little water in a test-tube 
nearly to boiling, and pour it over the tube containing the measured 
volume of air. The surface of the water in the tube will rapidly 
sink below the ring, showing that the air has expanded with the 
heat ; but when a little water at the ordinary temperature is poured 
over the tube, the air will contract to its original volume. If you 
can obtain any ice or snow, you may place some in a flask and add 
some water ; when the latter has been cooled down nearly to the 
freezing-point it should be poured over the tube containing the air. 
The surface of the liquid will now rise above the ring ; the air con- 
tracting in volume as the temperature is lowered. The same ex- 
periment might be tried with any other gas, and you would find it to 
be a universal law that the volume of a gas increases as its temperatvn 
is raised, and decreases as the temperature is lowered. 

The relation of the volume of a gas to pressure is not quite 
so simply demonstrated at the pneumatic trough, since it is im- 
possible to effect much variation in the length of the column of 
water which gives the pressure; and hence only a small, but still 
perceptible, difference in volume is obtained. The experiment may, 
however, be made in the following way. Fit a good cork to the 
large test-tube used in the last experiment : bore a hole in it (p. 35), 
and fit into the hole a straight piece of glass tubing about 20 cm. in 
length, and 6 or 7 mm. in diameter. Take out this tube, when fitted, 
and insert the cork tightly into the test-tube. Slip over the small tube 
a narrow india-rubber ring (cut from a piece of tubing), and sink it 
vertically in the trough almost to the bottom ; then, holding the 
test-tube by the rim (lest the warmth of the hand should alter the 
volume of the enclosed air), fit the small tube into the cork, raise or 
lower the apparatus until the level of the water in the tube and in 
the trough is the same, and adjust the ring to this level. The air 
enclosed in the tube is now at the same pressure as the external air; 
both pressing on the surface of the water with the same force. 
Owing to the difference in diameter between the large and the small 
tube, a slight alteration in the volume of the air in the former will 
cause a considerable difference in the level of the water in the latter. 
Now slip under the extremity of the tube a gas jar, wholly inmiersed 
in the trough, and raise the whole out of the trough, the gas jar 

^ This is the best mark at which the volume of a gas or liquid can 
be read, and the accuracy of the reading may be increasS by holding just 
below the surface of the fluid, on the opposite side of the tube or jar, 
a strip of black paper pasted along the lower half of a card. The surface- 
curve then appears to be black and bounded by a well-defined line. 
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g as a deep pneumatic trough. Set the jar on the table, and 
the tube until its extremity is only just below the water-level : 
dll observe that the water in the tube falls below its former 
showing that the volume of the air in the apparatus has in- 
?d. This enclosed air is obviously under less than the whole 
u*e of the external air, since the pressure of the latter is partly 
ced by the column of water in the tube. Next, sink the tube 
J jar until it touches the bottom : the water will rise above its 
lal level in the tube, showing that the enclosed air has con- 
;d in volume. This air is now exposed to more than the 
iwe of the external air, the latter being aided by the column of 
• in the jar which is above the level of the water in the tube, 
bave thus an evidence that the volume of a gas increases as the 
we to <whicb it is exposed is lessened, and decreases as the pressure is 
ented. By measuring the pressures to which gases may be sub- 
d, and the corresponding volumes, it has been proved that tfje 
^ of a gas varies inversely as the pressure,^ 



SECTION II. 



PREPARATION AND EXAMINATION OF GASES. 



EXEBCISE 1. 
Oxygen. 



Apparatus required — Pneumatic trough; argand burner, and fis 
burner, or spirit lamp ; retort-stand ; sand-bath ; piece of wire-g 
corks ; cork-borers ; rat-tail file ; three-square file ; Florence flask ; 
tubing, about 6 or 7 mm. in external diameter ; porcelain mortar 
small porcelain dishes; scales and weights; sheets of writing-p 
deflagrating jar ; deflagrating spoon ; one wide-mouthed stop 
bottle, holding about 700 c.c. ; three ditto, holding about 300 
cylindrical gas jar, 18x5 cm.; ground-glass disc, 8 cm. in dian 
taper on wire (Fig. 9) ; cedar matches ; piece of watch-spring ; G( 
tinder, or fusee ; crucible tongs ; jug of water; blotting-paper; pota 
chlorate ; manganese dioxide ; clean sand ; sulphur. 

In the first place the materials for the preparation ol 
gas should be got ready, as it is important that they si 
have time to dry thoroughly. If this precaution be negle 
the flask in which they are to be heated is not unlikely to < 
during the experiment, owing to the moisture condensir 
the neck and dropping down upon the hotter portions 
glass. When potassium chlorate is heated it fuses, and 
higher temperature gives off all the oxygen which it contj 
A very pure gas may be obtained by these means, bu 
temperature at which the decomposition takes place is so 
that ordinary glass flasks cannot support it without softe 
It is found, however, that if the salt be mixed with mangi 
dioxide, the decomposition takes place at a much lower tem 
ture, and with greater rapidity. The manganese dioxide 
not, apparentiy, give up any of the oxygen which it cont 

1 2KC10,-2KCl + 30a. 
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t any rate, it is found at the close of the action to be unaltered 
I composition, and may be employed repeatedly with fresh 
ortions of potassium chlorate. 

Weigh out, in the manner directed in Exercise i, 25 grms. of 
ystallised potassium chlorate; reduce the crystals to powder 

a mortar ; then place the salt in a porcelain dish on the 
nd-bath to dry. 

Weigh out, similarly, 6 grms. of manganese dioxide, and 
ace it also in a porcelain dish on the sand-bath near the 
)tassium chlorate, stirring them both occasionally with a glass 
.d. . 

Li the next place, you have to prepare an apparatus for 
uncrating and collecting the gas. Since heat is required to 
ecompose the potassium chlorate, a flask supported in a retort- 
and will serve to contain the materials ; and since oxygen gas 
i scarcely soluble in water, it may be collected over the 
neumatic trough filled with water; a bent glass tube will 
erve to convey the gas from the flask to the trough. 

Take a clean Florence oil-flask, selecting one which has 
I smooth, even mouth ; roughen the sharp edges of the mouth 
with a file ; or, if a Herapath's blowpipe is at hand, turn the 
edges outwards so as to form a spreading lip, as directed, 
p. 42. Choose a sound cork very slightly larger than the neck 
of the flask, squeeze it until it becomes soft and elastic, and 
bore a hole through it (p. 35) for the delivery tube, using a 
cork-borer which is rather smaller than the glass tubing which 
you are going to use. 

Cut off" a piece of the glass tubing, about 65 cm. in length, 
and hold each extremity in the flame of a Bunsen's burner 
until the edges begin to fuse, and have lost their sharpness. 
Remember to heat the glass gradually, and to turn it con- 
tinually round while it is in the flame. In the next place, bend 
tlie tube to an acute angle, about 10 cm. from one extremity, 
according to the directions given at p. 28 ; and lastly, bend it, 
but only to an obtuse angle, in the opposite direction, as near 
4e other extremity as possible. The object of this second 
bend is to facilitate the escape of the bubbles of gas by giving 



{ 
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them a forward and upward direction. It will be found con- 
venient to use a cork handle (p. 29), in case the end of the 
tube should become too hot to be held in the fingers. When 
the glass is quite soft, hold the tube out in front of you, so that 
the eye may be in the plane of the first bend ; it will then be 
easy to turn up the end which is nearest to you, so that both 
the bends may lie in the same plane but in opposite directions. 
The tube, when finished, should have the form of Fig. 36« 




Fig- 35- 
The end a should now be fitted with gentle pressure and 
twisting motion into the cork, through which it should pass 
completely and project slightly at the opposite end. Do not 
attempt to use much force in pushing the tube into the cork, 
or you may break the tube and be cut with the splinters of 
glass ; but enlarge the hole with the rat-tail file, until the tube 
will enter it without much difiiculty. 

The potassium chlorate and manganese dioxide may now 
be taken from the sand-bath, and set aside to cool for a nunixte 
or two, during which time the pneumatic trough may be filled 
with water up to a level about 2 cm. above the shelf. It is 
well to have a jug of water at hand, in case more should be 
wanted. Take the deflagrating jar, slighdy grease the stopper 
and fit it tightly in its place ; then immerse the jar sideways in 
the water, raising the open end a little, so as to allow all the 
air to escape. When the last bubble is gone depress the open 
end, and raise the jar by its neck (taking care to keep the 
lower end below the water-level), until it can be moved lateraDf 
to its place on the shelf. Each of the bottles should be &ki 
with water from a jug, the stopper inserted and held loosely in 
its place with one hand, while with the other the bottle is inverted, 
and its mouth brought below the level of the water in the troiaghi 
when the stopper may be withdiSLNfm^^ivd iVve botde moved to the 
sheJf. It is better not to overctovjd \)[v^ ^<^l^«f^\»«S«^«6&.' 
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jars, wliich, when filled with water and inverted, arc rather 
unsteady, and hence the other bottles shoulJ, after being filled 
with water, be placed near the trough, to be brought to the 
shelf when required. 

Now mix the potassium chlorate and manganese dioxide 
in the mortar with a few circular strokes of the pestle, add to 
the mixture an equal bulk of fine dry sand ', and grind the whole 

I until thoroughly mixed ; then shake it out on a sfieet of paper, 
£Uid transfer it to the flask. After wiping the neck of the latter, 




> Unless this addition of saiid is made, it often happens, especially if 
there is rather more than the due propgition of manEanese dioxide in the 
miitnre, that there is a sudden rush of gas at the last, a low incandescence 
spreading through the half-fused mass. It is well to be prepared for this, 
and to t^e away the lamp at the moment when you perceive any tendency 
to a rush of gas Of course the only possible risk would arise from the 
delivery lube not being sufBciently large to carry off the rapid current of 
gas, or becoming obstructed by particles of the mixture raechanicaUv 
carried over with Ihe ^s. When sand is added, liowe\ei, aa sftioic Sutttsa, 
the dccowpoiirion proceeds with perfect regularity tro\ii tcgHTOWi^Xn troi, 
™rf DiucA less Bttealion to the lamp is required. 
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fit the cork with the bent delivery tube into its place with carefu 
pressure, and support the flask on a piece of wire-gauze bei~ 
into a shallow cup, and resting on the largest ring of the reton 
stand. The smallest ring should be passed over the neck c 
the flask to secure it in an upright position, and the latter shouM 
be fixed at such a height that a lamp may be easily place 
beneath it, and that the end of the delivery tube may pass unde 
the shelf of the pneumatic trough, and be about 3 or 4 cna 
below the surface of the water. 

The whole apparatus will then be arranged as in Fig. 36. 

Before beginning to heat the mixture in the flask, you should 
ascertain whether there is any leakage owing to the cork being 
unsound or badly fitted. Place the warm hand on the flask 
for a few seconds, and observe whether, owing to the ex- 
pansion of the air in the flask, the level of the water in 
the delivery tube is depressed below the level of the water 
in the trough, and finally a bubble or two of air escapes, and 
also whether on removal of the hand the water only returns fy 
degrees, as the air cools, to its original level in the tube. If no 
depression of the level takes place, there is a leak in the cork- 
joint, which must be stopped before anything further is done. 
If the fault is not cured by pressing the cork farther into the 
neck of the flask, it will generally be best to take a new cork 
altogether. 

When you have proved that the apparatus is air-tight, you 
may proceed to heat the flask by a gas or spirit lamp. . The 
best form of gas lamp for the purpose is an argand, or other 
form of ring-burner, since it distributes the heat over a larger 
surface, and can be made to give a very small flame if required. 

The first eflect of the heat (which should be applied cau- 
tiously and gradually) will be to expand the air in the flask, 
which will escape in bubbles through the water in the trough. 
Fill the cylindrical jar with water and place it mouth downwards 
on the shelf of the pneumatic trough, in readiness to collect 
the first portions of gas for the purpose of testing their purity. 
In a short time the stream of bubbles, which had slackened, 
will become more rapid, showing that gas is being evolved froni 
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the mixture. As soon as this takes place, slide the jar along 
the shelf until its mouth is over the hole and the bubbles can 
rise freely into it The heat must be carefully regulated, so 
as to keep up a moderately rapid stream of bubbles. It will 
be scarcely worth while to test the first jar-full of gas, which 
^ certainly be mixed with air. Fill the jar again with water, 
and place it as before to receive the gas. When it is full, 
slide it off the shelf with one hand, and with the other brmg 
a ground-glass plate upon its mouth, while under water ; raise 
the jar out of the water, still keeping the glass plate pressed 
against its mouth, and place it mouth upwards on the table. 
Now light a cedar match at the lamp, blow it out, and while 
its end is still glowing, plunge it into the jar of gas. If it 
is re-kindled, bursting sharply into flame, the gas is sufficiently 
pure for experiments. If this is not the case, return the jar 
at once to the trough, fill it again with gas, and test it in the 
same way. ^ 

When you have thus ascertained that the gas is pure, you 
may proceed to fill the bottles with it, bringing each in suc- 
cession over the hole in the shelf, and when it is full of gas 
sliding it (without raising its mouth above the level of the 
^ter) to one end of the shelf, and bringing another into its 
place. In order that the pneumatic trough may not be in- 
conveniently crowded with bottles, you may remove them one 
at a tune, when filled with gas, to the table, after inserting the 
stopper tightly, under water. When the deflagrating jar has 
^en filled, slip under its mouth a shallow tray (a common plate 
or saucer will answer the purpose) ; then, keeping the tray 
horizontal and the mouth of the jar resting in it, raise both 
out of the water and place them on the table. The water 
remaining in the plate will thus act as a valve to prevent the 
gas in the jar from escaping. 

As soon as the jar and bottles are filled with oxygen, raise 
the delivery tube at once out of the water, withdraw the lamp, 
a^d set the flask aside to cool. The porous, half-melted mass 
^hich it contains may be readily washed out by a little warm 
*ater. It consists of a mixture of potassium ch\oi\de, xftaxvy 

F 2 
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ganese dioxide and sand, and will not be worth preservi 
The flask will be found scarcely, if at all, injured, and a 
being cleaned and dried may be used again for the si 
purpose. 

The properties of the gas should next be exammed in 
following manner : — 

(a) Place one of the smaller bottles of gas on the ti 
before you, near the lighted lamp. Loosen the stopper "^ 
the left hand ; take in the right hand the piece of wax ta 
attached to a bent wire, and light it at the lamp ; then w 
drawing the stopper introduce the taper into the bottle of | 
Notice that it is not extinguished but burns with a whiter, m 
intense flame. 

(3) Light a splinter of wood (cedar matches are the best 
this experiment) ; when it is thoroughly lighted blow it out, : 
introduce it, while still smouldering, into another small botd< 
the gas. The glowing end will burst quickly into flame, : 
burn brilliantly. 

(c) Take a piece of thin watch-spring (readily obtained fi 
any watch-maker) about 20 cm. in length ; soften it by hold 
it in the lamp-flame until it becomes red-hot and loses 
elasticity : when it is cool, straighten it and push one end i 
a bung large enough to cover the mouth of the deflagrat 
jar. Bend up the other end of the bit of spring so as to f( 
a loop, in which place a bit of German tinder or (which 
do quite as well) a bit of one of the common cigar-lights m 
of touch-paper, and sold in strips. Loosen the stopper of 
deflagrating jar with the left hand, while with the right hs 
you take up the cork with watch-spring attached. Light 
tinder at the lamp, and immediately take out the stopper, i 
steadily lower the watch-spring into the gas, until the c- 
rests on the neck of the jar. The tinder will continue to bi 
and the watch-spring, becoming red-hot, will also enter i 
brilliant combustion, sending out sparks and fusing into globi 
of iron oxide, which will fall off into the water in the tray, 
careful to take out the cork as soon as the combustion cor 
near the neck of the jar, or the latter may be cracked by 
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beat The beauty of the combustion is ahnost entirely due, 
uot to the iron, but to the carbon present in the steel watch- 
^ring; as may be shown by repeating the experiment, sub- 
stituting for the spring a piece of pure iron wire (* binding 
wire ') coiled into a spiral by being wound round a test-tube or 
glass rod about i cm. in diameter. In this case the metal will 
simply burn with a steady glow, emitting few or no sparks 
according to the purity of the iron. 

(d) Place one of the bottles of gas on the table before you. 
Moisten with water a strip of blue litmus-paper, and another of 
reddened litmus-paper. Lift up the stopper of the bottle for 
a moment, and introduce the strips of litmus-paper into the 
gas. Observe that in neither case is the colour altered by con- 
tact with the gas; oxygen is therefore said to have a neutral 
reaction on vegetable colours *. Take the deflagrating spoon, 
and adjust its position by sliding the rod through the flange so 
that it may, when placed in the bottle, hang in the position 
shown in Fig. 10, about 6 or 8 cm. from the bottom of the 
bottle*. Place in it a piece of sulphur, rather larger than a 
pea. Loosen the stopper of the bottle of gas with the left 
hand, hold the deflagrating cup for a few moments in the flame 
erf the lamp, until the sulphur melts and finally catches fire, and 
then immerse it in the bottle. The sulphur, which was burning 
in the air with a faint lambent blue flame, will immediately 
begin to bum much more brilliantly, while white clouds are 
fanned in the bottle. When the combustion is over, take out 
Ae spoon, and observe the pungent suflbcating smell of the 
gaseous combination of sulphur and oxygen which has been 
produced; notice also that the colour of the blue litmus- 
paper in the bottle has been changed to red. A substance 
which thus reddens blue litmus-paper is said to have an add 
ftactim, 

^ If the evolution of gas hjas been rapid, chlorine and chlorine oxides 
*4y be present in sufficient quantity to be recognised by their odour (pure 
<>^ygm being inodorous), and to redden and bleach the litmus-paper in 
» short time. 

' It may be adjusted with sufficient accuracy by holding it against the 
«^ of the bottie. 
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Reserve the remaining bottles of gas for use in futU3 
Exercises, placing a written label on each, to show what 
contains. 



EXEHCISE 2. 
Hydrogen. 

Apparatus required — Pneumatic trough; two gas jars, i8 x 5 cm.; c3 
ditto, 10 X 3 cm.; flask, with flat bottom, holding about 250 c.c; b^ 
delivery tube, used in the last Exercise; thistle funnel; corks; co:i 
borers; rat-tail file; retort-stand; piece of wire-gauze ; taper on wis 
glass disc, 8 cm. in diameter; gas tray, 8 cm. in diameter; Bunse; 
burner ; fish-tail burner ; drying tube ; glass tubing, 6 or 7 nrai. 
diameter; india-rubber tubing, for connectors; glass jet (p. 30); la-x 
beaker or funnel ; glass tube about 30 cm. long and 2 cm. in diamet< 
jug of water ; cloth ; granulated zinc ; strong hydrogen sulphate ; d 
tilled water. 

Get ready the pneumatic trough as for the preceding exper 
ment. Instead of bottles it is best to use plain cylindrical jarj 
ground at the mouth, about 5 cm. in diameter and 18 cm 
high. Fill two of these with water as directed in the case 0. 
the deflagrating jars, and arrange them on the shelf of the 
trough. Now take the bent delivery tube, used in the pre- 
ceding experiment ; select a sound cork which will, after being 
squeezed, fit the neck of the flask; bore two holes in it 
(Fig. 23, p. 35), one large enough to admit the delivery tube, 
the other adapted to the tube funnel. If none of your cork- 
borers will make holes of the precise size required, use the 
next smaller cork-borer, and enlarge the holes with the rat-tail 
file. Fit the short arm of the delivery tube into the cork until 
its end just appears on the opposite side ; then with a screwing 
motion pass the tube of the funnel through the other hole 
in the cork until the lower extremity, when the cork is fitted 
into the neck of the flask, would reach nearly to the bottom 
Place in the flask about 30 grms. of granulated zinc, fit the cort 
Into its place, and support the flask in the retort-stand on wire 
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gauze ', so that the delivery lube may reach under the shelf of 
the trough. Fig, 37. Pour through the funn?l enough distilled 
water to cover the zinc to the depth of i cm., and try whether 
ilie joints are tight by placing the warm hands on the flask 
for a ffiw seconds. This will expand the air within, a:id raise 




Fig' ?:■ 



a column of water in the funnel tube. If on withdrawing the 
hands this column remains steady for a moment, and only 
sinks gradually to Its former level, the joints may be considered 
good. If however the column either does not rise at all, or 
sinks rapidly when the warmth is withdrawn, there is a leak 

■ AlthoBgh the flask does not. in Ihe present cose, tk^wic Vri\*V(»'w&. 
ret it Is sdiisable to p/ace under it a piece oi mifr^avae w^Mii ssric- 
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somewhere in the cork. You may try to remedy this by 
pressing the cork further into the neck of the bottle : if this 
does not succeed, drop a little sealing-wax on the top of the 
cork and spread it evenly with a hot wire. This will almost 
certainly prove a cure ; but do not proceed with the experiment 
until the joints will stand the above test. 

Now pour a few drops of strong hydrogen sulphate down 
the tube funnel, and shake the flask, so that the acid and water 
may mix. When this reaches the zinc an effervescence will 
commence, owing to the liberation of hydrogen*. After a 
moment or two a little more acid may be poured through the 
funnel, so as to keep up a rapid stream of bubbles from the 
delivery tube; but especial care should be taken not to add 
too much at a time, lest the action should become too violent, 
partly from the undue strength of the acid, partly owing to the 
heat evolved from the, mixture of the acid with the water, Tf 
the liquid in the bottle should show a tendency to froth over, 
pour some distilled water down the funnel, to dilute and cod 
the acid. It is often the case that the action is slow at first, 
but it is better to give it a little time than to add acid reck- 
lessly. Fill three jars with the mixture of air and hydrogen 
which first escapes from the flask, and reject their contents 
before proceeding to collect the gas for your experiments. 
This precaution is of more importance here than in the case 
of oxygen, because (as will appear) air forms with hydrogen a 
mixture which explodes upon contact with a light, and you maj 
have an awkward, if not dangerous, mishap, if you unin- 
tentionally experiment with such a mixture instead of pure 
hydrogen. After sacrificing this quantity, however, you may 
safely collect some jars of the gas, precisely as directed in 
Exercise i, sliding the jars over the hole in the shelf, and when 
each is full removing it to the side shelf of the trough. It is 
best not to fill the jar completely with gas (as it may topple 
over), but only so far that the water in the tray and in the jar 
may stand at the same level. Add from time to time a little 
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more strong hydrogen sulphate, to keep up the stream of gas, 
but manage so that the action may be subsiding while the last 
jar is being filled, so as to prevent unnecessary waste of gas. 
When the jars are full, leave the bottle and tube in their 
position for the present, and examine the following properties 
of the gas : — 

I, Its inflammability. 

Light the gas lamp, and place it and one of the jars of gas 
(still standing in its tray) on the table before you. Take 
a taper attached to a copper wire {Fig. 8, p. 7), and light 
it at the lamp : then with the other hand raise the jar of gas 
steadily from the water, keeping its mouth still downwards, 
and immediately pass the lighted taper up into il. The gas 
will take fire where it is in contact with the air, and burn with 
a pale almost invisible flame ; but the taper on being pushed 
further into the gas will be extinguished. Now withdraw the 
taper and turn the mouth of the jar upwards ; the flame will 
pass quickly down the jar, and the gas will be found to have 
disappeared entirely. 
^_j. Its lightness as compared with common air. 
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in diameter : hold it inverted in the left hand ; transfer another 
of the jars of gas from the trough to the table; raise it out 
of its tray with the right hand, keeping its mouth downwards, 
and bring its mouth close to the edge of the first jar; then 
steadily depress the closed end of the jar of gas, proceed- 
ing exactly as if you were pouring a fluid upwards from the 
one to the other vessel, Fig. 38. Set down the small jar, 
which is in your left hand (mouth downwards), in the tray 
of water ; light the taper afiixed to the wire and bring it into 
the upturned mouth of the other jar. The gas will be found 
to have escaped entirely, the taper burning as in the outer air. 
Now raise the mouth of the small jar above the level of the 
water in the tray, and immerse the lighted taper. A slight 
explosion will take place, as the gas catches fire, thus de- 
monstrating that the hydrogen has really ascended and dis- 
placed the air in the jar, precisely as it displaces the water 
in filling a jar at the pneumatic trough. 

3. Its combination with oxygen, to form water. 

{a) Fill with water both the jars used in the last experiment, 
and place them on the shelf of the pneumatic trough. Fill 
the smaller jar with hydrogen from one of the remaining jars 
of gas, and decant its contents into the larger jar. Fill it again 
with gas, and again decant its contents, as before. You have 
now two measures of hydrogen in the larger jar. Next, take 
one of the bottles of oxygen which you reserved (p. 70), invert 
it, and bring its mouth below the water-level in the trough ; 
take out the stopper, and decant into the small jar sufiicient 
oxygen to fill it. Decant this measure of oxygen into the 
jar containing the two measures of hydrogen, then fill the 
small jar with the mixed gases, close its mouth with a glass 
plate, remove it from the trough and place it on the table, 
mouth upwards, retaining the glass plate in its position with 
the left hand. Light a match, withdraw the glass plate and 
apply the lighted match to the mouth of the jar. The ex- 
plosion which follows, though loud, is quite unattended with 
danger if a small strong jar is used as above directed. Do not, 
on any account, apply a light to the mixed gases in the larger 
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and thinner jar, since you may have a serious accident if the 
jar should break. 

[You may, if time allows, try two or three similar experiments, 
varying the proportions of hydrogen and oxygen, and you will find 
that the explosion, which accompanies the chemical combination, 
is loudest when one measure of oxygen is mixed with two measures 
of hydrogen. This is found to be the exact proportion in which 
the two gases are combined in water i. 

You may, further, try a few similar experiments, using air in- 
stead of oxygen. You have noticed, in Experiment i, that when a 
lighted taper is passed into a jar of hydrogen the gas takes fire at 
the mouth of the jar, where it is in contact with the air. This is 
due to its combination with the oxygen which is one of the con- 
stituents of air. Now, you will find that when air and hydrogen 
are mixed, and a lighted match applied to the mixture, an explosion 
takes place less violent than in the case of oxygen and hydrogen, 
hut loudest when five measures of air are mixed with two measures 
of hydrogen. But we have just seen" that tfwo measures of hydro- 
gen unite with one measure of oxygen to form water. Hence five 
measures of air contain one measure of oxygen -.] 

That water is the product of the union of oxygen with 
hydrogen will be best shown by causing the combination to 
take place more slowly; for instance, by allowing a jet of 
hydrogen to burn in air. 

ip) Raise the delivery tube out of the water, and support 
the end of it upon a wooden block placed on the table (the 
flask being still retained in the retort-stand). Attach to it 
one of the elbow-tubes which you have already made, stretch* 
ing over the ends of both a short piece of india-rubber 
tubing, slightly moistened to make it slip over the glass more 
easily. To the other branch of the elbow-tube, which should 
point vertically upwards (Fig. 39), adapt in a similar way a 
glass jet (p. 30). Pour a little more acid on the zinc, if the 
stream of gas has ceased; and since air may have entered 
the flask, it will be advisable to test the purity of the gas 

' The composition of air will be further illustrated in the next 
Exercise. 



r 
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■ before lighting it at the jet, in order to avoid the chaitce n 
an explosion. To do this, hold over the jet a sroall I 
tube, bringing the jet within the mouth of the tube. We hav^ 
seen that hydrogen can be poured upwards, therefore I 
tube will soon fill with gas. After about ten seconds close 
the mouth of the tube with the thiunb, remove it lo sorne^ 
distance from the jet, and. slill holding the mouth downwards, 
apply a lighted match to it. If the gas bums quickly, n 
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coDect any quantity of the water, but you may at any rate 
satisfy yourself that the product of the combustion is tasteless , 
and that when the outside of the glass is gently warmed by 
moving it too and fro over the lighted jet of gas the deposit 
volatilises without leaving any residue. 

(f) When the current of gas has slackened, but is still 
toning at the jet, another experiment may be tried which 
shows in an interesting way that the flame, under certain 
conditions, although apparently steady, is really expanding 
and contracting; is, in fact, rather a series of flames quickly 
succeeding one another, than a continuous flame. 

Hold a glass tube, about 30 cm. in length and 1.5 or 2 cm. 
in diameter, over the jet, and depress it gently until the flame 
is entirely within the tube. At a certain point the flame will 
become elongated and a musical note will be produced varying 
ni pitch with the length of the tube, and also, for the same tube, 
with the size of the flame. This sound is due to the fact that 
the air in the tube is set in vibration by the extremely rapid 
succession of explosions caused by the combination of the 
hydrogen as it issues from the jet with the oxygen of the 
surrounding air. 

(i) Another experiment illustrating the lightness of hydro- 
gen may here be tried. Make a solution of soap by dissolving 
in a small evaporating dish a bit of common soap as large as 
a pea in 5 or 6 c.c. of water. Remove the glass jet, and touch 
the end of the elbow-tube, with a finger dipped in the soap 
solution. A bubble will soon be blown, which when it leaves 
the tube will ascend rapidly. One or two trials with soap solu- 
tion of various strengths and more or less warm may be 
required to get a good result. 

(e) It must be observed that we have not yet rigorously 
proved that water is formed during the burning of hydrogen 
in air, since no pains has been taken to dry the gas, which 
of course contains moisture derived from the liquid in the 
fcsk. In order that the experiment may be decisive, the 
hydrogen must be passed over some drymg material before 
it is burnt at the jet. . 
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Having seen that no lighted lamp is near, take the I: 
delivery tube out of the cork of the generating flask ; 
substitute for it one of the elbow-tubes which you have m: 
Connect the outer extremity of this lube, by means of a 
of india-rubber tubing, witli a drying tube (Fig. 1 2, c, p. a 
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If moisture is now deposited on the beaker, it must have been 
formed during the combustion, since the gas has been dried, 
and the air contains too little moisture to form any deposit on 

the glass. 

[If you possess one of the small fish-skin balloons sold by opti- 
cians, the lightness of hydrogen gas may be further demonstrated in 
the following way : — 

In the first place ascertain that there are no holes in the balloon 
by expanding it with air and holding it between your eye and the 
light, turning it round to examine every part of it ^ If any holes 
are visible, they may be mended by touching the margins with weak 
gum-water and covering them with small patches of gold-beaters* 
skin. A short piece of quill should be inserted in the neck of the 
I>allooii, and secured in its place by folds of thread. Take off the 
glass jet from the apparatus used in the preceding experiment, and, 
having carefiilly squeezed and sucked out as much as possible of the 
air from the balloon, stretch the india-rubber connector over its 
neck, and proceed to fill it with gas, pouring a little more acid on 
the zinc whenever the current of gas becomes slow. When the 
balloon is full, you may allow it to ascend in the room, after insert- 
ing a small plug of cork into the neck, and attaching a long piece of 
thread to the quill, in order to have the movements of the balloon 
onder control.] 

After trying the above experiments, you may take the 
apparatus to pieces, wash the tubes, and set them aside to 
<^. The liquid which is in the flask is a solution of zinc 
sulphate, and may be filtered into an evaporating dish, and 
evaporated as directed in Sect. 1, Ex. 4, until it deposits crystals 
on cooling. The zinc sulphate thus obtained is very pure, and 
ni^ be reserved for use in the laboratory. 

These balloons are very liable to be attacked by insects. They should 
wkept in a wide-mouthed bottle with a small bit of camphor. 
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EXERCISE 8. 

IS'ltrogen. 

Apparatus required — Pneumatic trough ; porcelain dbh, 5 cm. ia 
diameter; ditto, I3 cm. in diameter; deflagrating jar; two gas jars, 
18x5 cm. ; glass disc, 8 cm. in diameter ; taper on wire ; large gas 
bottle ; jug of water ; cloth ; blotting-paper ; crucible-tongs ; knife ; 
Bunsen*s burner; phosphorus; tow; turpentine. 

Float the small porcelain dish on the water in the pneumatic 
trough, retaining it over the movable shelf. Take a stick of 
phosphorus from the bottle with the crucible tongs, place 
it in a dish of water, and cut off with a knife (still holding it 
under water) a piece about as large as a pea ^ Dry the piece 
of phosphorus thoroughly, by gently pressing, not rubbing, 
it between folds of blotting-paper ; then place it at once, using 
the (dried) crucible tongs, in the floating dish. . Take the 
stopper out of the deflagrating jar, and, holding the jar in one 
hand over the phosphorus, light the latter by touching it with 
a piece of wire slightly heated in the lamp, and immediately 
lower the jar over the burning phosphorus until it rests upon 
the shelf of the trough, and insert the stopper, previously 
greased. The level of the water in the jar may at first be 
depressed, owing to the expansion of the enclosed air by the 
heat of combustion, but it will soon rise above the level of the 
water in the trough, showing that one of the constituents of the 
air is being withdrawn. When the phosphorus ceases to burn, 
allow the jar to remain undisturbed for half a minute, until the 
white fumes (which consist of a compound of phosphorus with 
oxygen, phosphorus pentoxide) have been for the most part 

* In all experiments where phosphorus is made use of, great care mvst 
be taken to prevent it catching fire. It must never be allowed to remain 
for more than a few seconds out of water, and should always, if possible, be 
held with the forceps, not with the fingers. A jug of water should always 
be within reach to extinguish it in case it should accidentally inflamCr 
as may happen in a hot room. 
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absorbed, and meanwhile fill two gas jars with water and place 
them inverted on the shelf of the trough. Depress the defla- 
grating jar in the trough, and shake it laterally until the small 
dish is filled with water and sinks to the bottom, when it may 
be withdrawn. Decant (p. 58) some of the contents of the 
deflagrating jar into the smaller jars, and examine the proper- 
ties of the residual gas, as follows : — 

1. Slide one of the jars of gas off the shelf of the trough, 
cover its mouth with a glass plate, lift the jar out of the water, 
retaining the plate in its position with one hand, and place 
it on the table mouth upwards ^. Light the piece of taper 
affixed to the wire, remove the glass plate from the mouth 
of the jar, and plunge the lighted taper into the gas. Observe 
that the taper is extinguished while the gas itself does not catch 
fire ; thus showing it to differ from oxygen, in which the taper 
continued to burn, and from hydrogen, which extinguished the 
taper, but was itself inflamed. 

2. Twist a small piece of tow round the end of the copper 
wire in place of the taper, so as to form a ball about i cm. in 
diameter. Remove another jar of nitrogen from the pneumatic 
trough, and place it mouth upwards on the table, as in the 
last experiment. Pour a few drops of turpentine on the ball 
of tow, set it on fire, and immerse it in the jar of gas. The 
flame will be as instantly and completely extinguished as the 
small flame of the taper in the last experiment. 

3. We have, in the above pj-ocess for making nitrogen, 
divided atmospheric air into two parts : one, which supports 
the combustion of a taper, and which has combined with the 
phosphorus; and another, the residual gas, which has been 
shown to be incapable of supporting the combustion of a taper, 
and which constitutes four-fifths by volume of the air. It will 
he interesting to try whether, by simply mixing nitrogen and 
oxygen in proper proportions, we can obtain a gas having the 
same properties as common air. We have ascertained by 
^ysis that air consists of at least two substances; we may 

. * Ttis position is most convenient, although the nitrogen will escape 
more quickly than from an inverted jar. 
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now proceed to obtain, by synthesis, an additional proof of the 
constitution of air. 

Fill a large gas bottle with water, and place it, inverted, on 
the shelf of the trough. Fill one of the cylindrical gas jars 
with nitrogen from the deflagrating jar, and decant the gas 
into the bottle. Repeat this three times; you will then have 
four measures of nitrogen in the bottle. Now fill the cylindrical 
jar with oxygen from one of the bottles which you reserved in 
Exercise i, and decant it into the gas bottle, which will now 
contain a mixture of nitrogen and oxygen in the proportion 
of four measures of the former to one of the latter gas. Insert 
the stopper of the bottle (under water), then place it mouth 
upwards on the table and immerse in it a lighted taper. The 
latter will not burn brilliantly as in oxygen (p. 68) or be 
extinguished as in nitrogen, but will continue to bum as it 
did in the external air*. 

[It may be well to pass on here to the examination of the proper- 
ties of nitrates (p. 148), since they correspond to the highest of the 
series of nitrogen oxides, and are the sources from which the lower 
oxides are usually obtained.] 



EXERCISE 4. 

19'itrogen Protoxide. 

Apparatus required — Pneumatic trough, filled with warm water; stop- 
pered retort, with long beak ; retort-stand ; piece of wire-gauze ; argand 
burner ; scales and weights ; deflagrating spoon ; two gas jars, 18 x 5 cm. ; 
one ditto, 10 x 3 cm. ; one gas bottle, holding 700 c. c. ; one dittOt 
holding 300 C.C ; taper on wire ; glass disc ; cedar matches ; sheet 01 ' 
writing-paper ; ammonium nitrate, in crystals ; sulphur. 1 

_( 
Weigh out 20 grms. of ammonium nitrate, and transfer it to j 

the retort in the manner shown in Fig. 38. Support the latter oD i 

* The brilliancy may be slightly increased, since air is not eruirdy fxteP- 
from oxygen by the action of phosphorus under the above conditions* 
and hence the mixture would contain rather more than the proper anaioiiO* 
of oxygen. 
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^P^ece of wire-gauze bent into the form of a basin, and placed 
on the largest ring of the retort-stand, in sucii a position that the 




Fig. 41. 

beak may dip under the shelf of the pneumatic trough, and that 
itere may be room for the argand burner under the wire-gauze, 
[n order to keep the retort steady, the smallest ring may be 
brought down over the tubulure, a wedge or two of cork being 
I mserted between the two '. Heat the retort, slowly at first, by 
»lamp, and while it is gradually becoming hot, fill the gas jara 
id bottles with water, and place them mouths downwards on 
B shelf of the trough. The salt will soon fuse into a clear 
I, and by a slight increase of the heat will begin to de- 
jlilpose with effervescence owing to the escape of nitrogen 
toride '. Be careful not to use more heat than is necessary 
eep the fluid steadily effervescing, and do not, on the 
, withdraw the lamp entirely while the beak of the 
rt is under watepi or the sudden condensation of the steam, 



- a decided advantage to use a retort instead of a llaslt and delivery 
in the prepaialion of this gas. If the latter is used, the water which 
mcd in the reaction collects in the neck, and drops down on the 
'•died salt, producing a burst of vapour. The retort can be more 
I IMfoimly healed, and the water which condenses in the neck flows down 
Wo the trough : moreover the beak of «he retort is wider than the usual 
'f'i'erj tnhe. and hence the condensation of the water is more regnlar. 
'IH,S)NO, = jH,0 + N,0. 

2 
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which is one of the products of the decomposition, will be 
likely to draw up water from the trough into the hot retort, 
and crack it. 

When a steady stream of bubbles has escaped for about 
a minute, you may place one of the smaller jars over the hole 
in the shelf, and allow it to fill with gas. When full, remove it 
to another part of the shelf and bring another jar into its place. 
While this latter is filling, you may test the gas in the first jar. 
Slide it off the shelf with one hand, cover its mouth with a glass 
plate held in the other hand, raise it out of the trough and 
place it mouth upwards on the table. Remove the glass 
plate, and immediately introduce a cedar match which has 
been lighted and Jus/ blown out. If it is re-kindled, as in the 
case of oxygen, the gas is sufficiently pure ; but it must be borne 
in mind that the end of the match should be glowing rather 
brightly, in fact only just blown out; a mere spark is not 
enough to begin the combustion, as with oxygen. Proceed 
with the filling of the other jars, carefully watching the de- 
composition of the salt. If the temperature is rather high, 
white fumes will be . seen in the retort. So long as these 
appear only in moderate quantity, no harm need be appre- 
hended, but if they increase so as to fill the retort, the heat 
should be diminished (not withdrawn) at once. Fill, besides 
the jars, one of the small gas bottles, and when it is completely 
full, insert the stopper (greased) under water, and reserve it for 
use in the next Exercise. Now lift the beak of the retort out 
of the water, and set the apparatus aside to cool. Meanwhile 
examine the properties of the gas, as follows : — 

1. Cover the mouth of one of the jars with a glass plate, 
and place it mouth upwards on the table. Light the taper 
affixed to the end of a wire, and plunge it into the gas. The 
flame will become larger and more brilliant, but the gas will 
not itself ignite : thus proving it to belong to the same class 
as oxygen ; viz. to be one of those gases which are not in- 
flammable, but supporters of the combustion of a taper. 

2. Bum a small piece of sulphur in a large bottle of the gas, 
performing the experiment according to the directions given at 
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p. 69. The sulphur will bum as brilliantly as in oxygeii ', but 
the blue flame will have a yellowish border. Sulphur dioxide 
»ili be formed, as with oxygen, thus proving that the gas you 
are dealing with contains oxj'gen. You will probably observe 
brown vapours in the bottle : these consist of one of the higher 
nitrogen oxides. 

3. Remove another jar from the trough, pour into it 8 or 
10 c.c. of cold water from a test-tube, replace the glass plate 
and shake the jar briskly for half a minute. Pour out the water 
into a glass and taste it. It will have acquired a sweet taste 
and smell, showing that the gas differs from oxygen both in 
being perceptibly soluble in cold water, and in possessing a 
peculiar odour and taste. 

4. Re-fill with water. the jar used in Experiment 3, and place 
it, inverted, on the shelf of the trough. Fill the small thick 
gas jar with nitrogen protoxide, and decant its contents into 
the larger jar. Fill the small jar with hydrogen (see note at 
the end of this Exercise), and decant the gas into the jar con- 
taining nitrogen protoxide. You have now a mixture of equal 
measures of nitrogen protoxide and hydrogen. Decant some of 
ihis mixture into the small jar, close its mouth with a glass plate, 
place it on the table (mouth upwards), and apply a light to the 
mixed gases*. The detonation which takes place is as violent 
as when the combination of oxygen with hydrogen was effected 
in a similar way '. 

' The sulpliur must be halted considerably above its melting-point, and 
must be in mil combastion in the nir ; otherwise it is eitinguiatied wheq 
plunged iuta the gas. 

•N.O-i-H, = H,0 + N,. 

' A sufficient quantity of hydrogen for the above, and otiier similar ex- 
periments. may be majie in the following way. Take a test-tube, about 
r.5 to 1 cm. in diameter, or the small gas- jar ; place in it one or two bits 
of granulated zinc, and fill it completely with dilute hydrogen sulphate. 
U'hen a brisk action has commenced, place an bverled porcelain dish, g cm. 
ill diameter, over the test-tube like a cap ; then, keeping the dish pressed 
close to the mouth of the tube, invert the apparatus quickly. The zinc will 
fall to the lowest part of the tube, and the evolved hydrogen wffl gradually 
fill the tube, displacing the acid which collects in tlie d\^ ani ^te^cnVirat 
eatiance-ofair. A aiinalc bubble of air may possiW^ Wivei «.>, fee wiOTnwa. 
ihai the tube is inverled, if the operation is not siolfuW-) perioime^.^sas. w 
anaU a qamtity wiU not materially vitiate the purity ol toe sua- j""*~ 
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5. The most remarkable property of this gas, its property 
of producing a peculiar intoxication when respired, is one 
which the student is advised not to try by himself; since 
particular precautions are necessary to obtain a i>erfectly pure 
gas for the purpose, and the effects of inhaling it vary irith 
different individuals, and to some are decidedly injurious. 



JblXKUCISS 6. 
Nitrogen Dioxide. 

Apparatus required— Pneumatic trough; flask, fitted with the delivery 
tube and funnel used in £x. 2 ; glass measure ; beaker ; one large and 
three small bottles; two gas jars, 18x5 cm.; one ditto, 10x3 cm.; 
taper on wire ; glass disc ; test-tabes and stand ; blue litmn&^paper ; 
india-rubber rings ; copper clippings; hydrogen nitrate; solution of ino 
protosulphate. 

Place in the flask about 30 grms. of clij^ings of sheet 
copper, such as strips about 0.5 cm. broad and 6 or 8 cm. 
long. Support the flask, fitted with the delivery tube, in the 
re tort- stand, arranging it so that the delivery tube dips under 
the shelf of the pneumatic trough, Fig. 37. Measure out 
60 c.c. of water and place it in a beaker large enough to 
hold more than twice the quantity ; then measure out the same 
volume of strong hydrogen nitrate and add it to the water 
in the beaker. While the mixture is cooling you may pour 
a little water into the flask, jtisi sufficient to cover the end of 
the funnel, and try the tightness of the cork as directed in 
p. 72. Fill the gas bottles and jars with water, and place 
them, inverted, on the shelf of the trough. Pour about 90 c.c 
of the diluted acid upon the copper clippings. An effervescence 

tube is full of gas, fill up the dish with water, raise the tube a Ifttle so that 
the remainder of the zinc may faW mto 0:\& dVsK ; \K^w dose the month of the 
tube with the thumb, and transfer *\t to \\ve ^ntuTciaX^cXxa^^. 
This was probably the ear\\est meXiio^ ^e>as«^ tet ^^ <:fS^KR&ss^ ^ 
IS in order to examine its piopeilVt's. 
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will almost immediately commence, and the flask will be filled 
with red vapours ^ These will, however, soon disappear, and 
a permanent -gas will come over, with which, after two jars full 
have been allowed to escape, the jars and bottle should be filled. 
No heat is required at first to accelerate the action: indeed, 
it may become too violent, and should then be moderated by 
surrounding the flask with a wet cloth or moistened blotting- 
paper. On the other hand, if the evolution of gas becomes 
slow before the receivers are all filled, more of the diluted acid 
should be added through the funnel. When sufiicient gas has 
been collected, the retort-stand and flask should be taken away 
at once, and placed in the open air. 

[Besides the process above given^ the following is an excellent 
method of obtaining pure nitrogen dioxide. Measure 80 c.c. of 
water and place it in a beaker large enough to hold twice the 
quantity. Measure 30 c.c. of strong (common) hydrogen sulphate, 
and add it, a few drops at a time, to the water in the beaker, stirring 
the mixture with a glass rod. Much heat is evolved by the union 
of the acid with the water (compare the action of water on quick- 
lime, p. 48), and, unless the operation is carefully performed, the 
beaker may be broken. When all the acid has been added, place 
the beaker aside to cool. Meanwhile, mix in a mortar 6 grms. of 
potassium nitrate and 30 grms. of iron protosulphate. Arrange an 
apparatus as above directed, and place the mixture in the flask. 
Pour on it the diluted acid through the tube-funnel, and apply a 
gentle heat to the flask. The mixture will become brown, and pure 
Ditrogen dioxide will be evolved ^.J 

The following experiments may now be tried with the gas 
you have collected : — 

1. Insert the stopper into one of the bottles of gas, and 
place the latter mouth upwards on the table. Plunge into the 
gas the taper, lighted ; it will be immediately extinguished, and 
the gas will not take fire ^. 

2. Close the mouth of one of the jars with a glass plate, 

' jCu + 8 HNO, « 3 Cu (N0,)2 + 4 H^O + NjO^. 

'6FeS04+4HaS04+2KN03 = 3Fe2(SO,)s + 4H20 + K2S04 + N202. 
^ ' The taper sometimes, if in full combustion and if the gas contains a 
little nitrogen protoxide (as it is liable to do when made by this method), 
GOQtinues to burn, and with increased brilliancy. 
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and place it mouth upwards on the table. Remove the glas 
plate for a moment, so as to allow air to enter the jar. Rec 
vapours will be formed, owing to the union of the nitrogei 
dioxide with the oxygen of the air, to form higher nitrogei 
oxides ^ Pour a little water into the jar and shake it up wit! 
the gas: the red fumes will be absorbed by the water, am 
a piece of blue litmus-paper dipped into the solution will b( 
reddened, owing to the formation of hydrogen nitrite anc 
nitrate \ 

3. Place 4 or 5 c.c. of solution of iron protosulphate (green 
vitriol) in a test-tube, add 6 or 8 drops of dilute hydrogei 
sulphate, and pour it into a jar of the gas. Close the mouth 0; 
the jar with a glass plate, and agitate the liquid. A dark-browi 
solution will be formed, wfiich, when poured into a test-tub< 
and boiled over a spirit lamp, will give off the gas wit! 
effervescence, becoming nearly colourless again. 

4. Pour into a small dry test-tube 10 or 12 drops of carboE 
disulphide; cork the tube, and place it in the stand, within 
reach '. Place one of the larger jars of nitrogen dioxide on the 
table, previously decanting into it, if necessary, a few bubbles 
of gas, so as to fill it completely. Pour the carbon disulphide 
quickly into the jar (taking care to admit as little air as pos- 
sible), shake it up once, to diffuse the vapour through the gtt| 
replace the jar on the table, and apply a lighted match to 
its mouth. No explosion will follow, but a brilliant flash of 
light will pass down the jar. 

5. Fill one of the larger gas jars with water and invert it 
on the shelf of the trough. Decant into it the contents of one 
of the smaller jars of nitrogen dioxide, and then pass up into 
it, bubble by bubble, some oxygen gas from one of the reserved 
bottles (p. 70). Brownish-red fumes will be formed as each 

^ N2O2 + O2 = N2O4. It should be observed that the formulae NjO« 
and N2O4 represent weights of the gases which occupy twice the space 
of the usual unit of volume, viz. the volume occupied by the weight of 
hydrogen expressed by the formula Hj. 

2 N2O4 + H20 = HNO2 + HNO,. 

^ Be particularly careful not to bring the carbon disulphide near a light» 
Jest it should take fire. It is nearly as volatile as ether, and its vapou*' 
is highly combustible. 
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ubble rises into the gas: and the bulk of the mixed gases, 
?hich will at first be slightly increased owing to the heat pro- 
luced by their union, will soon diminish; and finally, when 
ufl5cient oxygen has been added, both gases will entirely dis- 
appear, if the nitrogen dioxide is pure. 

6. It was by the above method that Cavendish made his 
malyses of air, and the following experiment will serve to 
llustrate his mode of proceeding : — 

Take one of the larger cylindrical gas jars, and graduate it 
into five equal parts in the following way. Try first whether 
the large jar will hold not less than six of the small jars full of 
water. If it holds less than this, slip an india-rubber ring over 
the small jar, about i cm. from the mouth, fill the jar up to the 
level of the ring and try whether about six times this reduced 
volume will fill the larger jar. One or two trials will be 
sufficient to ascertain the proper volume, which is to be the 
unit of measurement. Now fill the measure up to the proper 
point with water, pour the water carefully into the larger jar, 
and mark the level at which it stands by a small india- 
rabber ring slipped over the jar. Add another measure of 
water, and mark the level similarly with another ring. Pro- 
ceed thus until five measures of water have been poured into 
the larger tube. You have now a tube graduated, with fair 
accuracy, which should be filled to the fifth division with air. 
This is most conveniently done by filling the jar completely 
with air, and then allowing bubble after bubble to escape, until 
the water stands at the required level. Remember that in 
reading the volume of a gas, the jar should be lowered until 
the water inside the tube is on a level with the water in the 
trough. The inclosed gas will then be always measured under 
a nearly constant pressure, viz. that of the atmosphere \ Fill 
the small measure with nitrogen dioxide, and decant the gas 
gradually into the air inclosed in the larger jar. Repeat this 
once more : you will then have added two volumes of nitrogen 
dioxide to five volumes of air. Now agitate the graduated jar 

* In Sect. 1, Ex. 8, we have seen that the volume of a gas varies with 
^e pressure to which the gas is exposed. 
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(taking care that its mouth is not raised above the surface of 
the water in the trough), in order that the higher nitrogen 
oxides may be entirely absorbed ; and, finally, depress it in the 
trough until the water inside and outside stands at the same 
level, and note the volume of the residual gas. It will be 
approximately four-fifths of the original volume of air, and if 
no further red fumes are formed on addition of a little more 
nitrogen dioxide, we may assume that the oxygen of the air is 
entirely removed, and consequently that five volumes of air 
contain approximately one volume of oxygen. The residual 
gas may be tested with a lighted taper and shown to be a 
non-supporter of combustion. 

7. Repeat Experiment 5, using the jar of nitrogen protoxide 
reserved in the last Exercise, instead of oxygen. No red fumes 
will be formed in this case; and this experiment furnishes 
a ready method of distinguishing between nitrogen protoxide 
and oxygen; gases which, as we have seen, greatly resemble 
each other in many of their properties. 

COLLECTION OF GASES BY DISPLACEMENT. 

We have hitherto only had to deal with gases which are 
(with the exception of nitrogen protoxide) comparatively in- 
soluble in water, and which therefore may be collected with- 
out much loss by means of the ordinary water pneumatic 
trough. But many of the gases which we have yet to prepare 
are so freely dissolved by water that it would be impracticable 
to collect them over that fluid. In such cases we must either 
fill our trough with some fluid in which the gas is insoluble, 
such as mercury, or have recourse to an entirely distinct 
method, which depends on the difference between the density 
of the gas and that of common air. When we pour water into 
a vessel, the water, being heavier than the air contained in the 
vessel, descends to the bottom and displaces the air, which is 
driven out at the top. Precisely the same thing occurs when 
we lead a gas heavier than air into an open jar. The gas does 
not mix with the air at once, but collects at the bottom of 
^hejar and gradually rises, driving the air before it, and finally 
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overflowing the edge of the jar like other fluids. It is obvious 
that a gas lighter than air may be similarly collected by simply 
reversing the position of the receiving vessel, placing it mouth 
downwards, and leading the gas into its upper part. 

It is necessary, in order to obtain by this method a gas 
even approximately pure, to pass into the jar at least twice 
the volume of gas required to fill it; since diffusion must 
take place between the fluids with greater rapidity as the 
diflference in their densities is less, and hence the boundary-line 
between the gas and air is never so sharply marked as in 
the case of water and air. The method, however, of collection 
by displacement is so convenient and simple that it will be used 
in the following Exercises in preference to the employment of 
a mercury trough, especially as the great expense of mercury 
would place it beyond the reach of most of those for whom 
these Exercises are intended. 

It should be remembered that, when a gas is to be collected 
by displacement, all currents of air in the room must be avoided 
as much as possible ; the tendency of such currents being to 
stir up the gas, and produce a more rapid mixture with air than 
diffusion alone would cause. 



IIXERCISE 6. 
Carbon Dioxide. 

apparatus required — Flask, fitted with cork and tube-funnel as in 
Ex. 2 ; elbow tube, with branches 8 cm. in length ; ditto, with branches 
respectively 8 cm. and i8 cm. in length; corks; cork-borers; rat-tail 
ffler retort-stand; wire-gauze; wooden blocks; card; one gas bottle, 
holding 700 CO. ; three ditto, holding 300 c.c. ; gas jar, 18x5 cm. ; glass 
^; test-tubes; porcelain dish; Bunsen's burner; taper on wire; 
^flagrating cup ; marble ; strong common hydrogen chloride ; distilled 
water; litmus-paper; magnesium ribbon. 

Take the flask which was used in Ex. 2, and substitute 
for the bent delivery tube another of the form shown in 
% 42, It is made up of two elbow tubes united by a cork 



/ 
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joint : one of the elbow tubes having two equal branches abc 
8 or 9 cm. in length, the other having one branch about 8 cm 
the other about i6cm. in length. The cork joint is made b 
boring a central hole through a small cork (as free from fissun 




Fig. 41. 

as possible), and pushing one branch of each tube into &Bm 
hole until they meet in the middle of the cork. This forms Jl 
esceilent joint, and has one special advantage over an ii 
rubber connector, viz. that it is stiff, and yet allows the 
to be turned round in any direction, retaining it in wha 
position it is placed'. 

Place in the flask ao grms. of marble, previously bftftnr 
with a hammer into lumps rather larger than peas. Secure the 
flask in the retort-stand at such a height that the open n- 

1 s/niilar but neater joint mn? te maie \rj cmV-to^ off 3, ^iece of gli 
tubing about 3 cm. in length and 8 or 5 mm, \u Svs.tQ«.ei XtAkoiJ^i 
' " -r fusing the sharp edges in. riie \aiti^'l fiVJn^ vtAo **- ^»t ' 
s by tneans of rings of kndra-Ttibbei U.bu\£. 



1 
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tremity of the delivery tube may be raised about 14 cm. above 
the table. Pass the end of the delivery tube into one of the 
botdes, supporting the latter on blocks, so that the tube may 
reach almost to the bottom. Over the mouth of the bottle lay 
a card in which a slit has been cut, half way across it, wide 
enough to admit the delivery tube. Pour through the funnel 
sufficient water to cover the marble, and then add, a few drops 
at a time, some strong hydrogen chloride, until a brisk effer- 
vescence is set up, due to the evolution of carbon dioxide ^ 
After the lapse of half a minute, light the taper, remove the 
card from the mouth of the botde, and pass the taper steadily 
down into it. It will probably be extinguished before it reaches 
the bottom, showing that the gas has partially filled the bottle. 
It may be withdrawn, re-lighted, and after a few seconds 
plunged again into the bottle, to ascertain the point to which 
the gas has now risen. When the taper is quickly and de- 
cidedly extinguished when held at, but not within, the mouth 
of the bottle, the latter may be considered to be full of gas. 
I It should then be withdrawn, by first taking away the wooden 
blocks, then lowering the bottle slowly until clear of the 
delivery tube, and lastly inserting the stopper previously greased. 
Another bottle may now be substituted and filled in like 
nianner; and so on until all are filled, more acid being added 
from time to time through the funnel. '. 

I. The great density of carbon dioxide and its action on 
1 lighted taper have been already incidentally demonstrated. 

IThey may be further shown as follows : — 
Take one of the larger gas jars, place in it the lighted 
^per, bending the wire over the mouth of the jar so as to 
^pport the taper steadily at the bottom. Bring the mouth 
of one of the bottles of gas close to the edge of the jar, 
^thdraw the stopper, and gently pour the gas over the taper, 
precisely as if you were pouring out a liquid ^. The taper will 
* immediately extinguished. 

JCaC0,+ 2HCl = CaCla+H,O + COa. 
I^ not pour the gas directly over the centre of the jar, but at its 
^ since the gas receives a forward as well^s a downward impetus while 
t« bottle is being inverted. 
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2. Its solubility in water. 
Pour into a bottle of the gas sufficient distilled water to fill 

it one-third, and replace the stopper, inserting a small strip of 
thin paper between it and the neck of the bottle. Shake 
the bottle violently for a few seconds, then invert it and hold 
it up to the light. Observe that bubbles of air are entering at 
the side of the stopper, thus showing that there has been an 
absorption of the gas. If the piece of paper had not been 
inserted at the side of the stopper, the latter would have be- 
come so firmly fixed in its place by the pressure of the external 
air, that it would have been difficult to loosen it. Shake the 
bottle again for a few seconds, then pour out some of the 
solution into a beaker and taste it. The water will have ac- 
quired a distinct acid taste. Pour some more of the solution 
into a test-tube, and heat it over a lamp. Bubbles of gas will 
be given off as the temperature rises, and if the liquid is boiled 
for a minute or two, the whole of the gas will escape^. 

3. Its action on vegetable colours. 
Introduce a piece of moistened blue litmus-paper into a 

botde of the gas. The colour of the paper will change to 
a wine-red, but its blue colour will be restored on laying the 
paper in a porcelain basin and gently warming it over the 
lamp *. 

4. Fill a small test-tube with lime water, and pour the liquid 
into another bottle of the gas. Close the mouth of the bottle with 
a glass plate, and shake it slightly at first, afterwards vigorously. 
The liquid will at first become milky, owing to the formation 1 
of insoluble calcium carbonate, but will afterwards, if the gas ; 
is in excess, become clear again, because a soluble calciuia 
and hydrogen carbonate is formed '. If the liquid still remains 
turbid after agitation, pour it into another bottie of gas, and 

* Carbon dioxide may, in fact, be collected over warm water, li^^ 
nitrogen protoxide ; but the displacement method is preferable. 

^ If the colour remains red, it shows that a little vapour of hydrog*^ 
chloride has passed over from tiie flask. To obtain a pure gas it should ^ 
passed through a wash-bottle (see p. 96) containing a little distilled w^^^ 
(in which hydrogen chloride is extremely soluble) before being collected. 

3 Ca HA + COa-Ca CO,+ HaO. 
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igitate again. If, now, some of the clear solution be poured 
into a test-tube and heated to boiling over the lamp, the 
calcium and hydrogen salt will be decomposed; carbon 
dioxide will be given off, and the insoluble carbonate re- 
precipitated ^. 

5. Afl5x a piece of magnesium ribbon, about 16 cm. in length, 
to the flange of the deflagrating cup (the cup itself with its 
wire being removed) or to a cork, in the manner described 
in p. 68, so that its extremity may reach nearly to the 
bottom of one of the large bottles of carbon dioxide. Hold 
the end of the ribbon in the lamp-flame until it begins to burn 
with a brilliant white light, then plunge it slowly into the bottle 
of gas. It will continue to burn brilliantly, forming white flakes 
of magnesium oxide interspersed with black particles which 
consist of carbon, In order to separate the latter, pour into 
the bottle, when the combustion is over, a little distilled water, 
shake it up and pour it, with the suspended particles, into an 
evaporating dish. Add 8 or 10 drops of strong hydrogen 
chloride, and heat the liquid over a lamp. The magnesium 
oxide will disappear, while the black flakes of carbon will 
remain floating undissolved in the clear liquid. This experi- 
ment proves that the gas which you are examining contains 
carbon, and also that some substances will burn in a gas in 
which a taper will not burn. Combustion is purely a relative 
term, and may be defined as the chemical action of one sub- 
stance upon another accompanied with the evolution of light 
and heat. 

[The properties of carbon and the carbonates, p. 158, may be 
ttamined here.] 

* Ca CO3 + H2O + COa = Ca Ha (COa)a. 
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EXERCISE 7. 

Carbon Protoxide. 

Apparatus required — Pneumatic trough; flask, with elbow tubes and 
tube funnel, used in the preceding Exercise; bottle holding about 
200 c.c. ; corks ; cork-borers ; rat-tail file ; bent delivery tube used in 
Ex. I ; wooden blocks; retort-stand; wire-gauze; argand burner; india- 
rubber connector; three jars, 18x5 cm.; one ditto, 10x3 cm.; glass 
disc ; crystallised hydrogen oxalate ; strong common hydrogen sulphate ; 
solution of potassium hydrate (caustic potash); solution of calcium 
hydrate (lime water) ; potassium ferrocyanide ; small bottle of oxygen. 

The usual method of preparing this gas is to heat hydro- 
gen oxalate with an excess of strong hydrogen sulphate. 
A mixture of carbon dioxide and protoxide is given oflfS and 
by absorbing the former gas we obtain pure carbon protoxide. 
The carbon dioxide is withdrawn by allowing the mixed gases 
to bubble through a solution of an alkali or through lime water 
which has no action on carbon protoxide, but, as we have seen, 
unites with carbon dioxide to form a metallic carbonate. We 
cannot, therefore, as hitherto, allow the gas to pass directly from 
the generating to the receiving vessel, but we must interpose 
between the former and the latter a bottle containing the 
solution of alkali or lime water, a solution of caustic potash or 
soda being preferable, as lime is sparingly soluble in water. 

Adapt a cork to a bottle with a rather wide mouth, of about 
200 c.c. capacity. Bore two holes in the cork; into the one 
fjt the bent delivery tube used in the preparation of hydrogen; 
into the other fit the longer branch of the elbow tube used 
in the last Exercise, passing the tube through the cork to such 
a distance that its extremity may reach almost to the bottom of 
the bottle. Before the cork is finally fitted into its place, fill 
the bottle to about three-fourths of its height with a solution of 

1 H,Ca04-HiO^COi^CO. 
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caustic polasb or soda '. Support it on blocks at such a height 
thai the delivery tube maj dip under the shelf of the pneumatic 
itough. In the nest place, take the flask, fitted with the short 
elbow tube and funnel, used in the preceding Exercise, place in 
it about 20 grms. of crystallised hydrogen oxalate, and fix it 
in the retort stand, with a piece of wire-gauze under its bottoin, 
at such a height as to admit of the argand-burner being placed 
under it, and to allow the elbow tube to be connected with the 
mbe of the wash-bottle by a short piece of india-rubber tubing, 
whole apparatus will then appear thus, Fig. 43. 




Fig- +3- 



Pour into the flask about 60 c.c. of strong hydrogen aul- 
piiate. As there are several chances of leakage, it will be 
necessary to test the joints as directed in p. 71, and not to 
proceed with the experiment until they are all made tight. 
The flask may then be gradually heated with the lamp, especial 
care being taken to avoid any chance of cracking it, and [bus 
npiiling- the strong acid to the damage of la.\Ae, (io^es, «a& 
' For dkecdoos Jbr prepaiing this, m;c ^. H%. 
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ands. While the flask is being heated, the four jars ma] 
»e filled with water and inverted on the shelf of the trough. 

When the mixture in the flask begins to effervesce, the hej 
should be moderated, so that the stream of gas may pj 
through the solution in the wash-bottle in bubbles not su« 
ceeding each other too quickly to be counted. 

After a sufficient quantity (about two jars full) of the gas 
been rejected, the jars may be filled for experiments. As 
as this is done, the india-rubber connector between the 
and the wash-bottle should be taken off, and the flask removi^sd 
at once into the open air, as the gas is poisonous and shoim.Jd 
not unnecessarily be allowed to escape into the room. 

1. Plunge a lighted taper into a jar of the gas, placed moixth 
upwards on the table. The taper will be extinguished, and tlie 
gas will burn with a characteristic blue flame. 

2. Pour about 2oc.c. of lime water into another jar of tlie 
gas, and shake it up. It will probably become turbid, the g'as 
still containing some carbon dioxide, from which the passage 
through a single wash-bottle is not quite sufficient to free it. To 
purify the gas, the lime-water, or an equal quantity of solution 
of potassium hydrate, may be thoroughly shaken up with the g^as 
in the jar for at least half a minute. The gas may then be de- 
canted over the trough into a smaller jar, and the experiment 
proceeded with as follows. — Pour some lime-water into the jar 
of purified gas, and after making sure that no turbidity is pro- 
duced on agitation, apply a light to the gas and allow it to burn 
down the jar. If the lime water be now shaken up in the gas 

it will become turbid, showing that carbon dioxide is producer 
by the combustion of carbon protoxide in air. 

3. Decant into one of the gas jars two measures of carbc 
protoxide (the measure being the small gas jar, p. 73). A 
one measure of oxygen, transfer the jar to the table, and ap 
a light. The gases will unite with a slight explosion. 

[The best method of procuring carbon protoxide is undoubt 
that which was discovered by Fownes, depending on the decoj 
sition of potassium ferrocyanide when heated with hydroger 

lie 
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The apparatus may be the same as that described above. The 
ash-bottle, although not absolutely necessary, is useful to absorb 
aces of hydrogen carbonate, cyanide, and sulphite, which come 
"er. 

Place in the flask about 60 c.c. of strong hydrogen sulphate, 
''eigh out 15 grms. of potassium ferrocyanide, reduce the salt to 
»wder, and add it little by little to the acid in the flask, shaking 
Jtween each addition, in order to prevent the salt caking into 
mps. Now fit in the cork and proceed to heat the mixture, 
atching carefully for the first evolution of gas ^ No gas comes off 
itil the temperature is pretty high, and then there is a sudden rush, 
hich must be moderated by withdrawing the lamp at once. The 
mperature should not be allowed to rise higher than is neces- 
jy to obtain a slow stream of the gas. It is better not to pour 
ater into the flask for the purpose of washing out the residue, until 
» much of the latter as possible has been shaken out ; otherwise the 
idden heat produced by the addition of water to the strong acid is 
kely to crack the flask. 

The properties of other radicles containing carbon, as the cyan- 
des, p. 163, oxalates, p. 161, acetates, p. 159, and tartrates, p. 160, 
naay be examined here.] 



EXERCISE 8. 

Ammonia. 

apparatus reqidred — Florence flask ; corks ; cork-borers ; elbow tubes 
used m the last Exercise ; drying tube, Fig. 1 2 ; india-rubber connector ; 
sand-bath ; argand burner ; retort-stand ; Bunsen's holder ; wooden 
blocks ; card ; taper on wire, Fig. 8 ; glass disc ; pan of water ; one 
^ge and three small gas bottles ; mortar ; scales and weights ; porcelain 
^ ; plates ; sheets of paper ; ammonium chloride (sal-ammoniac) ; 
quicklime ; turmeric and litmus paper ; distilled water. 

Weigh out 15 grms. of sal-ammoniac, and reduce it to 
powder in the mortar. The salt in its sublimed state is so 
tough as to render this rather difficult, and more may be 

*K^Fe(CN).-i-6H2S04+6H2 = 3(H4N),S04+2KaSO,4-FeS04 + 

H 2 
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effected by direct blows of the pestle, especially if aided by 
a thrust and slight twist of the arm at the moment of impact; 
than by the usual rubbing motion. Place the powdered salt 
in a basin and set it to dry on the sand-bath over the lamp. 
Meanwhile reduce about 20 grms. of quicklime to fine powder 
in the mortar * : then cover the mortar with a plate, to protect 
the lime from the moisture and carbon dioxide of the air. 

Adapt a cork to a clean dry Florence flask, and fit into the 
cork an elbow tube, each branch of which is about 8 cm. 
long. Fill the drying tube used in Ex. 2 with fragments 
of quicklime about as large as split peas, in the manner 
described at p. 11. Into the perforated cork at the other 
end .of the drying tube fit another elbow tube, the branches 
of whicb are respectively 8 cm. and 18 cm. long. The 
sal-ammoniac should now be taken from the sand-bath and 
set aside to cool. Meanwhile the bottles in which the gas 
is to be collected may be dried and their stoppers greased. 
When the sal-ammoniac and lime are both cool, but not before, 
mix them quickly by rubbing in a mortar, and transfer the 
mixture at once to the flask, using a paper gutter for the 
purpose, p. 44. 

Replace the cork with the short elbow tube in the neck oi 
the flask, and support the latter in the Bunsen's holder at such j 
a height that the argand burner or spirit lamp will pass easily 
under it. Connect the drying tube with the flask by an india- 
rubber connector, so that, the drying tube being horizontal, the 
long branch of the .elbow tube may point vertically upwards. 
Support this latter near the bend by the smallest ring of the 
retort-stand, passing it through a hole in a flat cork large enough 
to fit stiffly into the ring ; and bring over it the second retort 
ring, clamping it at such a height that when one of the bottles 
is inverted over the tube, its neck may rest on the cork in the 
retort-ring when the extremity of the vertical tube nearly 
reaches to its bottom. Fig. 44. 



«j" 



* If the quicklime is very hard and difficult to powder, it may be sladed 
as directed, p. 48, care being taken to use as little water as possible^ so tb&t 
be calcium iiydrate may be perfectly dry. 




y^s- 4+- 

from lis lightness collects in the highest part of the bottle, 
driving the air downwards before it ', which will escape between 
ihe vdge of the bottle and the cori. To ascertain when the 
Mtlle is full of gas, hold a piece of moist turmeric-paper near ks 
fsck and slightly above its mouth. If the gas is overflowing, it 
«ill quickly and decidedly redden the test-paper. The bottle 
*'itiuld then be slowly raised until clear of the delivery tube, and 

' CaO + a(H,N)Cl-Caa,+H,0+aH,K. 
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the Stopper inserted at once. Another bottle may then be 
placed in the same position and filled in like manner. When 
all the bottles have been filled with the gas, withdraw the lamp, 
take the cork out of the flask, and remove the latter into the 
open air. 

1. The peculiar odour of ammonia, its action on turmeric- 
paper, and its low density, will have been already noticed. Its 
action on vegetable colours may be further illustrated by 
plunging a strip of moist reddened litmus-paper into a small 
bottle of the gas; the blue colour will be inmiediately re- 
stored. 

2. Support the large bottle of ammonia in the retort-stand 
in the same position as when it was being filled. Withdraw 
the stopper, and pass the lighted taper up into the bottle. 
The taper will be extinguished, but the gas will show a tendency 
to burn with a greenish flame at the mouth of the bottle. The 
feeble inflammability of ammonia in air may be shown by 
bringing the flame of a Bunsen's burner close* to the extremity 
of the tube from which the gas is issuing. A yellowish-green 
flame will be seen. 

3. Invert another bottle of the gas, and replace its stopper 
by a glass plate. Bring the mouth of the bottle under the 
surface of some water in a basin (or in the supplementary pan 
of the pneumatic trough, 3, Fig. i), and gradually withdraw the 
glass plate. The water will rise in the bottle and would fill it 
entirely, if the gas were unmixed with air, owing to the great 
solubility of ammonia in water. 

Another experiment illustrating the solubility of ammonia may 
be made, if time permits, as follows. — Fit a cork to a large gas 
bottle : bore a hole in the centre and fit into it a glass tube 
about 18 cm. long, ending in a jet (the pipette already made, 
p. 30, will do very well), so that the jet may project about 6 cm. 
within the bottle. Take out the cork and tube, and fill the 
bottle with ammonia as above directed. Meanwhile fill a beaker 
with water and add to it a few drops of solution of litmus 
together with one drop of dilute hydrogen chloride to make the 
litmus red. Twist a small piece of moistened tow round the 
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tube jiist below the jet (this is for the purpose of beginning the 
absorption). When the bottle is full of ammonia fit the cork 
into its place, still keeping the bottle inverted, and plunge the 
outer end of the tube into the beaker of coloured water. The 
pressure of the external air will force the water up the tube, as 
the ammonia is absorbed and a vacuum made in the bottle, and 
a fountain will be formed, the red litmus becoming blue under 
the action of the ammonia. 

4. The last. bottle of the gas should be reserved for use 
in the next Exercise. 

[The other properties of ammonia and ammonium salts (p. 153) 
may be examined here.] 



EXERCISE 9. 

Hydrogen Chloride. 

Apparatus required — Iron ladle; mortar; apparatus similar to Fig. 42 ; 
argand burner ; one large and three small gas bottles ; taper on wire ; 
two glass discs; porcelain dish; beaker; sand-bath; test-tube; sodium 
chloride ; common hydrogen sulphate ; distilled water ; blue litmus- 
paper; turmeric-paper. 

Measure out 20 c.c. of distilled water into a beaker and add 
to it very gradually 30 c.c. of strong common hydrogen sul- 
phate ^ Set this aside to cool. 

Fit up an apparatus similar to that which was used for pre- 
paring carbon dioxide, p. 92, placing a piece of wire-gauze 
under the bottom of the flask, and fixing it at such a height 
that the lamp will pass easily under it. Place in the flask 
about 20 grms. of sodium chloride, and having set a bottle 
under the delivery tube, pour into the flask the dilute hydrogen 
sulphate you have just prepared^. Apply a gentle heat and 
fill four bottles with the gas by displacement, using a lighted 

* The liquid will probably become turbid, owing to the presence of lead 
as an impurity in the hydrogen sulphate (p. 1 26), but this may be neg- 
glected. 

• HaS04 + NaCl«NaHS04 + HCl. 
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taper to ascertain when they are full, precisely as directed 
in the case of carbon dioxide. Take awav the flask as 
soon as the bottles are full, as the gas is very irritating to 
the lungs \ 

1. The incombustibility of the gas, its inability to support 
the combustion of a taper, its high density, and the fumes 
which it produces in moist air, will have been already no- 
ticed. 

2. Plunge a piece of blue litmus-paper into a bottle of the 
gas. It will be at once strongly reddened. 

3. Repeat Experiment 3 of the last Exercise with another 
bottle of hydrogen chloride. It will be seen to be as soluble 
in water as ammonia. 

4. Remove the stopper from a third bottle and replace it 
by a glass plate, placing the bottle mouth upwards on the 
table. Bring over it the bottle of ammonia which was reserved 
in the last Exercise, its mouth being downwards and covered 
by a glass plate. Place the mouths of the bottle close to- 
gether, and remove both plates, thus allowing the gases to 
mix. Dense white clouds will be produced, and still more 
if the position of the bottles is reversed, their mouths being 
still held together, so that the botde of hydrogen chloride is 
uppermost, causing the heavier gas to descend into the lighter. 
Enough heat is evolved by the union of the gases to make the 
bottles sensibly warm ; and a snow-white powder is deposited 
in flakes on the sides of the bottles ^. 

When the action is over examine the properties of this 
powder as follows. Pour 10 c.c. of distilled water into one 
of the botdes, shake it up until the white powder is dissolved, 
then pour the liquid into the other bottie and dissolve the 
deposit in it also. Place the liquid in a porcelain dish and 

* If the gas is required to be quite free from moisture strong hydrogen 
sulphate should be used, and the common salt must be previously fiiied 
and broken up into lumps about the size of almonds that it may expose 
less surface to the action of the acid, which is otherwise very violent A 
bright red heat is required for the fusion of the salt, which may be efifected 

In a ladle over a good kitchen fire. TVve mas^, "wV'eck.XxQjKMi, Ts\a.^ be ponied 

out upon a clean piece of iron or sVale \o coo\. 

^ H,2v + H CI « (H4N) a. 
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evaporate it to dryness, using a gentle heat. Scrape together 
some of the white residue with a spatula, place it in a test-tube, 
and heat it over the lamp. It will volatilise entirely, forming 
a white ring in the cooler part of the tube. This distillation 
of a solid substance is called * sublimation.' Observe that 
the substance does not fuse before volatilising, but passes at 
once from the solid to the gaseous state. This is an exception 
to the general rule that solids become liquids before they 
volatilise. 

Dissolve the remainder of the residue in a little water and 
test the solution with blue litmus and turmeric-paper. No 
alteration of colour will be produced in either case, while we 
have seen that hydrogen chloride reddened litmus-paper, and 
that ammonia reddened turmeric-paper. By the combination 
of the two* gases a neutral substance has been formed. 



EXEBCISE 10. 
Chlorine. 

-Apparatus required — Flask, tubes, and wash- bottle, used in Ex. 7; 
elbow tubes and cork-joint used in Ex. 9 ; argand burner ; wooden 
blocks ; card ; one large and five small gas bottles ; taper on wire ; 
deflagrating spoon ; crucible tongs ; porcelain dish ; one large and one 
small cylindrical gas jar ; glass disc ; supplementary pan of the pneu- 
niatic trough, filled with warm water ; manganese dioxide ; strong 
(common) hydrogen chloride; blue litmus-paper; solution of indigo; 
phosphorus ; brass filings, or metallic antimony ; distilled water. 

We have in this case to deal with a gas which is soluble 
to a considerable extent in water, though much less so than 
^nunonia or hydrogen chloride. Its solubility rapidly diminishes 
^ the temperature of the water is raised, and hence it may be 
collected without much loss over warm water, the ordinary 
pneumatic trough being employed. But its density is so high 
^t it can be most readily collected by downward displace- 
ment, like carbon dioxide. 
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Its action on the lungs is so extremely irritating and in- 
jurious, that it should never be prepared in a room which 
cannot be thoroughly ventilated. Every laboratory has, or 
should have, a cupboard communicating with a flue, for dealing 
widi noxious gases; and, in default of this, a shed out of 
doors is the best place for such experiments. If, however, the 
chlorine must be prepared in a room, observe, (i) to collefct 
it over warm water, not by displacement; {2) to allow none to 
escape into the air unnecessarily ^ ; (3) as soon as the experi- 
ments are performed, to throw away the water in the trough, 
and wash it and the bottles at once with clean water \ The 
displacement method will, from its simplicity and convenience, 
be employed in the Exercise. 

Arrange an appairatus similar to that which was used for 
preparing carbon protoxide in Ex. 7, substituting for the bent 
delivery tube the elbow tubes united by a cork-joint used in 
the last Exercise. A smaller wash-bottle may be used, and 
should be one-third filled with plain water, its object being only 
to retain any hydrogen chloride which may pass over. 

Place in the flask about 20 grms. of manganese dioxide; 
and after fitting the apparatus together, pour through the tube- 
funnel about 60 c.c. of strong hydrogen chloride, and heat the 
mixture very gently ^. Collect one large and five small botdes 
of the gas, applying a little grease to the stopper of each 
bottle. The yellowish-green colour of the gas will sufficiently 

' The first portions of the gas, which come over mixed with air, should 
be collected in a large gas bottle ; into this, when full, some solution of 
caustic soda should be poured, and shaken up in the gas imtil the smell 
of chlorine has disappeared. Or, the bottle may be taken out of doors 
and left open for some minutes. 

^ A little ammonia sprinkled on a warm plate is the best means of 
getting rid of the gas, If the lungs are affected, pour a little alcohol into 
a test-tube, warm it, and inhale the vapour. 

3 Mn O2 + 4H CI « Mn Cla + 2 H2O + Cl^. 

It is to be noticed that in this process one half of the chlorine combines 
with the manganese and is not obtained as gas. 

Another excellent method of making chlorine is, to mix aogrms. of 

sodium chloride with an equal weight of manganese dioxide and neat the 

mixture gently with some slightly diluted hydrogen sulphate (40 cc of 

acid and 40 cc. of waterV The -wYioVe oi \5aft Oc^oroifc \it^s«x^ \& solved 

as gas, according to the following ec\\ia\.\oti*. 
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show when the bottles are full, especially if a sheet of white 
paper is held behind each bottle while the gas is passing 
into it. 

1. Immerse a lighted taper in a small bottle of chlorine. It 
will not be extinguished, but will burn with a dull smoky flame, 
depositing abundance of soot; and the gas itself will not 
catch fire. 

If the taper is withdrawn quickly when the above result has 
been observed, the same bottle of gas will serve for the next 
expenmeot 

2. Place a piece of moist blue litmus-paper in a bottie 
of the gas. It will, at the first moment, be reddened, but will 
speedily lose its colour entirely. 

3. Shake up a little water in another bottle of chlorine, 
preventing the stopper from being fixed immovably by insert- 
ing a little slip of paper between it and the neck of the botde. 
The water will absorb the gas, as will be proved by its ac- 
qtiiring the colour and smell of chlorine. If a few drops of 
the solution thus obtained are added to some solution of 
cochineal or of indigo sulphate in a test-tube, the colour in 
both cases will be at once discharged. 

4. Cut from a stick of phosphorus a small piece about as 
Wge as a split pea, observing the precautions given at p. 80. 
Dry it thoroughly on blotting-paper, pressing, but not rubbing 

« 

It; place it in a deflagrating spoon, and immerse it in the 
large bottle of chlorine. It will catch fire spontaneously, 
burning with a greenish flame, and a yellowish crystalline 
deposit of phosphorus pentachloride will be formed in the 
bottle. 

5. Pour into another bottle of chlorine just enough water 
to cover the bottom ^. Place some fine brass filings, or, better, 
some metallic antimony reduced to powder in a mortar, in a 
paper gutter, and shake the substance little by little into the 
bottle. The metal will catch fire and burn brilliantly when 
It comes into contact with the gas. Dutch gold-leaf may be 

^ This is to prevent firacture of the bottle by the burning particles of 
ttetaL 



Io8 PREPARATION AND EXAMINATION OF GASES. 

burnt in a similar way, by placing a few leaves of it in a* 
gas jar and emptying over them a bottle of chlorine. 

6. Fill the supplementary pan of the pneumatic trough with 
warm water. Fill the small stout gas jar with hydrogen gas 
(by the method given at p. 85), and decant its contents into 
the larger gas jar, placed in the pan of warm water. Next, fill 
the small jar with chlorine from one of the small bottles of the 
gas, and add it to the hydrogen in the larger jar ^ You have 
now a mixture of equal volumes of hydrogen and chlorine. 
Agitate the jar for a second or two, in order to mix the gases 
intimately, keeping its mouth below the waler-level * ; then 
transfer some of the mixture to the small jar, remove it to the 
table and apply a light to its. mouth. The gases will unite 
with explosion ^ 

7. Fill the small jar with the remainder of the mixed gases, 
close its mouth with a glass plate (greased), remove it from the 
trough and allow it to remain for four or five minutes in a good 
diffused light, not in direct sunshine, for fear of an explosion. 
If you then examine the contents of the jar, you will find that 
the colour and characteristic odour of chlorine have disap- 
peared, and that the gas fumes in the air, reddens and does 
not bleach litmus-paper, and possesses the pungent odour of 
hydrogen chloride. 

The affinity of chlorine for hydrogen, and its indifference 
to carbon, may also be shown by pouring a few drops of 
turpentine upon a strip of blotting-paper, and plunging it 
into a bottle of the gas. Dense white fumes of hydrogen 
chloride will be formed, while carbon is deposited, and the 
action is generally so violent as to set the turpentine on fire. 

Reserve the last bottle of chlorine for use in the next ex- 
ercise, keeping it in the dark. 

[The properties of chlorides and chlorine oxides and hydrates 
(pp. 165, 166) may be examined here.] 

^ If this is done neatly and rapidly, the loss of chlorine by solutiaiii 
n the water will be very small. 

^ The gases differ so much in density that their mixture by difiiision 
-ilone would be comparatively slow. 

»if, -f. Ci«2HCl. 
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EXEBCISE IL 
Ethylene. 

Apparatns required — Pneumatic trough ; flask, tubes, wash-bottle, &c., 
which were used in Ex. 7 ; beaker ; glass measure ; basin of water ; 
two large and one small gas jars; three small gas bottles; taper on 
wire ; glass disc ; alcohol ; strong common hydrogen sulphate ; solution 
of caustic potash or soda ; bottle of chlorine ; bottle of oxygen. 

Measure 20 c.c. of alcohol (rectified or methylated spirits) 
into a beaker or flask capable of holding at least 100 c.c. 
Place the vessel in a basin of cold water, or hold it in the 
pneumatic trough, and add to it by degrees twice its volume 
of strong hydrogen sulphate. The mixture will grow dark, 
and probably boil at first, from the heat produced by the 
addition of the acid, and the temperature should be kept 
down as much as possible by agitating the flask in the sur- 
rounding water and adding the acid slowly. While the liquid 
is cooling you may arrange an apparatus similar to that used 
for preparing carbon protoxide, placing a dilute solution of 
caustic soda in the wash-bottle to absorb any sulphur dioxide 
which may come over, and putting some sand in the flask in 
order to prevent the mixture frothing up towards the end of 
the reaction. Pour the mixture of acid and alcohol into the 
flask, and heat it carefully^. When a permanent gas comes 
over, allow two jars full to escape, and then proceed to fill 
the jars and bottles. Be careful so to regulate the heat that 
the contents of the flask may not froth over into the wash- 
botde. 

1. The peculiar fragrant odour of the gas will have been 
^ready noticed. 

2. Place a jar of the gas mouth upwards on the table, and 
plunge a lighted taper into it: The taper will be extinguished, 

» H,Ca04 + HaS04 = H4C, + H,0, HaSO^. 
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but the gas will burn with a bright white flame. By pouring 
some water from a jug into the jar, the gas will be forced out, 
and the flame seen to better effect. 

3. Re-fill the jar used in the last experiment with water, and 
decant into it one measure of ethylene and three measures 
of oxygen gas, using the small strong jar as the measure ^. Fill 
this last jar with the mixture, and apply a light to it. The 
gases will unite with an explosion which is even more violent 
than that produced by the union of oxygen and hydrogen under 
the same conditions ; and the experiment should only be made 
with small quantities of the gases and in a thick jar. After the 
experiment, allow the remainder of the mixed gases to escape 
into the air, to avoid any chance of an accident. 

4. Decant into a gas jar one measure of ethylene and two 
measures of chlorine^ (from the bottle which you reserved in 
the last Exercise). Cover the mouth with a glass plate, and 
invert the jar once or twice, to mix the gases ; then place the 
jar on the table mouth upwards, and apply a light The 
gases will burn quickly, but not explosively, with a reddish 
flame, and a dense cloud of soot will be formed'. This depo- 
sition of carbon is due to the stronger affinity of chlorine for 
hydrogen than for carbon; on which account, when a com- 
pound of carbon and hydrogen is decomposed by chlorine at 
a high temperature, the whole of the chlorine unites with the 
hydrogen, while the carbon remains uncombined. The limiin- 
osity of the flame of ethylene when burning in air (Experi- 
ment 2) proceeds from an analogous cause; oxygen, Hke 
chlorine, has a stronger affinity for hydrogen than for carbon, 
and the liberated carbon is raised to a white-heat by the in- 
tensity of the chemical action. If a cold porcelain dish is held 
for a moment in the flame of ethylene or of ordinary coal gas 
(which consists chiefly of ethylene and other hydrocarbons 
mixed with hydrogen) the carbon is cooled and deposited as 

^ H4C2 + 3 02 = 2 CO2+2 H2O. 

^ This should be done quickly, to avoid loss of chlorine owing to 
its solubility in water. 
3 H,C2 + 2Cl3=Ca + 4HCl. 
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soot*. The next experiment will, however, prove that the 
nature of the action of chlorine on ethylene at a lower 
temperature is entirely diflferent. 

5. Decant into a small gas bottle one measure of ethylene 
and add one measure of chlorine. Insert the stopper loosely, 
and place the bottle for a short time in a good diffused light, 
or in simshine if possible. The gases will gradually combine, 
forming an oily liquid which collects in drops on the sides of 
tbe bottle : it is ethylene dichloride, or Dutch liquid, as it was 
formerly called^. 



i :1 



EXERCISE 12. 

Sulphur Dioxide. 

-^TOUfatus required — Flask, elbow tubes, &c., used in Ex. 9 : one large 
and three small gas bottles ; taper on wire; glass disc; basin of water; 
OJpper clippings ; strong hydrogen sulphate ; blue litmus-paper ; solution 
of logwood ; a few flowers, such as violets or pansies. 

This gas, which was formed in Ex. i, when sulphur was 
^■^imt in oxygen, is best prepared by the action of strong 
*^>drogen sulphate on mercury, but as that metal is somewhat 
^3q)eiisive, copper may be substituted. It is very soluble in 
^ater, and should therefore be collected by displacement ; 
^"Kch, from the great density of the gas, may be readily ac- 
complished. 

Arrange an apparatus similar to that used for preparing 
*^ydrogen chloride^ Place in the flask 20 grms. of copper clip- 
PiJigs, or of mercury, and add about 60 c.c. of strong hydrogen 



iT^^'l This difference of affinities is less marked in the case of oxygen ; and 
'*e-'l ^J^' ^ ^ Bunsen's burner, gas is burnt with a full supply of air, the 
'' ^hole of both the hydrogen and the carbon is consumed, and the flame 

J'^jsesses little or no luminosity and deposits no soot. 
;H«C,+ Cla = H4C,CV 
,^ I 1^ is advisable, though not necessary, to interpose a small wash-bottle 

staining a little water, to retain any spray of acid which may come 
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sulphate^. Heat the mixture, and when eiServescence begins, 
collect four bottles of the gas, using a lighted taper, as in the 
case of hydrogen chloride, to ascertain when the bottles are 
full. Take the flask away into the open air as soon as enough 
gas has been collected. 

1. The suffocating odour of the gas, and its action on 
a lighted taper, will have been already noticed. From its great 
density a taper may be extinguished by pouring the gas upon 
it as directed in the case of carbon dioxide, p. 93. Its action 
on test-paper may be tried by placing a piece of blue litmus- 
paper in a bottle of the gas, when it will be immediately 
reddened. 

2. Its solubility in water may be shown, as in the case 
of hydrogen chloride, ' by replacing the stopper of a bottle 
of the gas by a glass plate, inverting it, and withdrawing the 
glass plate under water. 

3. Its bleaching action on vegetable colours will be best 
demonstrated by placing a few violets, roses, or pansies in a 
bottle of the gas. It does not, however, discharge the colour so 
completely as chlorine, and if the flowers are dipped in a very 
dilute solution of caustic soda, their colour will be restored. 
Nor is its action the same on all vegetable colours. Logwood 
is bleached slowly, while indigo is not at all affected ; and if 
a variegated pansy or hyacinth is placed in the gas, some of 
the colours, e. g. the reds, are speedily bleached, while the 
greens resist a prolonged action of the gas. 

[The properties of the sulphites, p. 180, hyposulphites, and sul- 
phates, p. 181, may be examined here.] 

* 2 H2S04+Cu = CuS04+2 HaO + SOa. 



SECTION III. 

(A) PREPARATION OF REAGENTS USED IN THE 

LABORATORY. 

A * reagent' may be defined as a substance which the 
chemist employs in order to detect other substances. For 
example, in examining the properties of carbon dioxide (p. 94) 
you poured some lime water into the gas, and found that a 
white precipitate was produced which possessed certain definite 
properties. In exanjining other gases you would find that 
Hme water produces no such precipitate when brought in con- 
tact with them. Lime water is called a 'reagent/ and is 
employed for the detection of carbon dioxide. 



EXEKCISE 1. 



Solution of Hydrogen Sulphide. 

apparatus required — Flask with tube-funnel and elbow tube, used in 
Sect 2, Ex. 7 ; retort-stand ; wire-gauze ; glass disc ; two narrow- 
mouthed 'bottles, holding 300 c.c. ; one ditto, holding 200 c.c. ; two 
small gas bottles ; corks ; cork-borers ; glass tubing, 5 mm. in diameter ; 
fish-tail burner ; three-square file ; india-rubber tubing for connectors ; 
two porcelain dishes; glass jet; blotting-paper; iron protosulphide ; 
hydrogen sulphate ; lead acetate ; bleaching powder ; distilled water. 

Adapt sound corks to two narrow-mouthed bottles, holding 
300 Co. Prepare four right-angled elbow tubes of glass tubing 
about ^ mm. in diameter; two of them with branches of equal 
Wth, about 6 cm. ; the other two with unequal branches^' the 
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shorter about 6 cm., the longer about 20 cm. in length, 
sufficient length to reach, when fitted into the cork, 
to the bottom of the bottle. Bore two holes in each cork 
fit into it one long and one short elbow tube. 

Fit up 3 flask with funnel and elbow tube, similar to 
used in Sect. 2, Ek. 9. Place in it about 30 grms. of 
sulphate, previouslj' broken up with a hammer into liunps ai 
as large as peas. Pour into the flask enough water to a 
the iron sulphide, and fill the bottles about three-fourths 
of distilled water ; replace the corks and connect the tube 
shown in Fig. 45, with short pieces of india-rubber tubing 




Fig. 45. 

that the gas may bubble through the water in each bt 

successively. 

. The above apparatus will st;rve for general use when a liq 
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is to be saturated with a gas. It will be necessary in some 
cases, and indeed not inexpedient in all, to interpose a small 
wash-bottle containing a little water between the generating 
flask and the first bottle, for the purpose of retaining any acid 
or other impurities which may come over with the gas. This 
bottle may be supported upon a glass (or wooden) disc placed 
on one of the rings of the retort-stand, as shown in the figure. 

It will also be usually necessary to provide some means of 
getting rid of any excess of gas which may escape absorption 
by the water. This may be done most simply by attaching to 
the elbow tube proceeding from the last bottle a long tube 
passing through the window or, better, into a chimney or stove- 
flue; or, the gas may be led to the bottom of a tall jar filled 
with lumps of pumice or charcoal, moistened with a solution 
of caustic soda. One or other of these methods should always 
be employed when dealing with such injurious gases as hydro- 
gen sulphide or chlorine. 

Having ascertained that the joints are tight, pour into the 
flask a little strong hydrogen chloride ^ The evolution of 
bydrogen sulphide commences without the application of heat 
(although some little time may elapse before the action begins), 
^d, if the stream is not too rapid, the greater part of the gas 
is absorbed by the water in the bottles. You will observe, 
however, that some gas passes through the water unabsorbed. 
This consists mainly of hydrogen, the evolution of which is 
<hie to the presence of uncombined iron in the sample of iron 
sulphide. While the saturation of the water is proceeding, you 
^y prepare some test-paper for a future experiment, as 
follows : — 

iHssohre in a porcelain dish a small lump of lead acetate 
mSoriocc. of water ^ Dip into the solution two or three 
^ps of white blotting-paper, about 10 x 2 cm. ; press them 
between folds of blotting-paper to remove surface-moisture, 
^d place them in a wide-mouthed, closely stopped bottle. 

jFeS+2HCl = FeCla+ H,S. 

■This should be done, if possible, in another room, lest the substance 
"*''*ld be acted on by the gas which may unavoidably escape. 

I 2 
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When a steady stream of hydrogen sulphide has passed 
through the bottles for five or six minutes, disconnect the first 
bottle, and connect the other directly with the flask. Ascertain 
whether the water is .saturated with the gas, in the following 
way. Take out the cork and tubes, close the bottle tightly 
with the thumb or palm of the hand, and shake it briskly for 
a few seconds in order to bring the water thoroughly in contact 
with the gas. Hold the bottle in a slanting position with 
its mouth downwards, and relax the pressure of the hand, 
noticing whether any bubbles of air enter the bottle, or whether 
on the contrary the liquid is forced outwards. In the latter 
case the water is fully saturated with the gas ; in the former 
case the bottle must be again connected with the flask as 
at first, and more gas passed through it. Before replacing the 
bottle, however, you may pour out a little of the solution of 
hydrogen sulphide into a gas bottle, in order to try an experi- 
ment which will illustrate the action of certain * disinfectants' in 
destroying the hydrogen sulphide which is evolved from putre- 
fying animal substances. You will already have noticed the 
extremely fetid smell of the gas. Put into the bottle a small 
lump of ' bleaching powder,' and shake the mixture. You wiB 
find, on opening the bottle, that the smell of the gas has entirdy 
disappeared, a faint chlorous odour being alone perceptible. 
Bleaching powder is a substance containing calcium, chlorine 
and oxygen, and has decomposed the hydrogen sulphide with ,^ 
formation of calcium chloride, water, and sulphur. 

You will thus be able to get rid of any of the gas which may 
escape into the room by placing a little bleaching powder on 
a plate, covering it with water, and adding a few drops of dilute 
hydrogen sulphate. Hydrogen hypochlorite will be liberated 
and diffuse into the air, decomposing the hydrogen sulphide ia- 
the same manner as the bleaching powder. Do not, how- 
ever, add too much acid to the bleaching powder, lest tbe 
remedy should prove less endurable than the evil it is inteudccJ 
to cure. 

When no more gas is absorbed by. the water in the first 
bottle, it may be . withdrawn^ and a little more gas passeO 
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through the water in the second bottle, which is already par- 
tially saturated by the excess of gas which has passed through 
the first bottle. Finally, the whole of the solution should be 
poured into a larger bottle, which should be kept, well corked, 
in aa inverted position, resting in the angle at the corner of 
a shelf, or in a tumbler or test-glass. 

Immediately after disconnecting the bottles, before putting 
away the apparatus, you may examine one or two more of the 
properties of the gas. 

1. Connect a glass jet with the end of the elbow tube of the 
generating flask ; pour a little more hydrogen chloride into the 
flask', if necessary, to obtain a sufficient stream of gas, and 
apply a lighted match to the gas issuing from the jet ^ It will 
lake fire and burn with a blue flame. Bring a small gas bottle 
over the flame, so that the gas may burn in it for a few seconds, 
in order to retain the products of combustion. Moisture will 
l)e deposited, and the presence of sulphur dioxide in the bottle 
will be proved by its characteristic odour I 

2. Take out of the bottle one of the strips of paper soaked 
in lead acetate which you prepared just now ; extinguish the 
burning gas, and hold the strip of paper in front of the jet. 
It will be instantly blackened, owing to the formation of lead 
sulphide. This is the most delicate test for the presence of 
hydrogen sulphide, and will serve, for instance, to detect the 
presence of traces of it in coal gas. 

Finally, take the apparatus to pieces, at once, in the open 
air, and fill up the flask with water two or thiee times, to wash 
away" all ■ traces of hydrogen chloride from the iron sulphide: 
The latter may then be dried and put away for future use. 

* A gentle heat may now be applied with advantage, if the action is 
ilow. ■ 

' 2H,S+ 30a = 2H2O + 2SO3. 
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EXERCISE 2. 
Solution of Chlorine. 

For this purpose an apparatus similar to that which ^ 
used in the last Exercise is requisite. The small wash-bot 
is necessary in this case, to retain hydrogen chloride which m 
distil over: the other bottles need not be so large as the 
used for hydrogen sulphide, as less of the chlorine water 
likely to be wanted, and it does not keep well. 

Prepare the gas as already directed (Sect. 2, Ex. lo), ai 
pass it into the water until the latter assumes a perceptih 
yellow colour. It will be better to stop short of the poi 
of saturation, as a comparatively weak solution of chlorii 
is all that is required for analytical purposes. It should 1 
kept in a stoppered bottle, protected carefully from the ligl 
which causes its decomposition ^. A good method of protectir 
it is, to paste over the bottle two or three thicknesses of bro^ 
paper, through which, when it is dry, two narrow slits shou 
be cut on opposite sides of the bottle, in order that the quanti 
of solution contained in the bottle may be seen. 



EXERCISE 8. 
Tin Chlorides. 

Apparatus required— Iron ladle or crucible ; pan of water ; flask, hoi 
^S .=500 CO.; retort-stand; sand-bath; argand burner; funnel, 7 cm. 
diameter ; filters ; flask, with tubes, &c., used in the preceding Exercis 
metallic tin ; hydrogen chloride ; distilled water. 

Granulate some tin in the same way in which zinc wf 
granulated in Part I, Ex. i, taking care to use a perfectly clea 
ladle or crucible. Place about 20 grms. of it in a 300 c.c. flasl 
and pour on it 50 c.c. of strong hydrogen chloride. Digei 

* The bottles of deep yellow gla§s, used in photography, answer vei 
well for this purpose. 
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llie acid on the metal for some time at a moderate heat, taking 
care that some of the tin may always remain undissolved'. 
When the action has ceased, dilute with 50 c.c. of water, and 
filter off the fluid into a bottle in which a few pieces of granu- 
lated tin have been placed. Divide the filtrate into two por- 
tions ; keep ihe one in the bottle, closely slopped, as tin proto- 
i;hIoride (stannous chloride); transfer the rest of the solution 
to one of the bottles used for preparing solution of chlorine, 
and pass chlorine gas through it (Es. z) until it becomes 
slightly yellow ^ Finally, boil it in a flask to get rid of the 
excess of chlorine (previously fitting a tube to the flask to 
carry off the chlorine into the chimney or through the window); 
filter once more if the solution is 
a bottle labelled ' Tin Perchloride, 

Iron perchloride is easily prepared in 
coils of clean iron-wire, or iron tacks i 
tin. Instead of saturating the 
to obtain the iron perchloride, ii may be heated in a flask and 
strong hydrogen nitrate added in quantities of 2 or 3 c.c. at a 
lime, as long as red vapours of nitrogen osides are evolved. 
The excess of acid may then be driven off by evaporating the 
liquid in a dish, but not to complete dryness. 



EXERCISB 4. 

Hydrogen and Silicon fluoride. 

flask ; glass tubing, 7 or 8 mm. in dia- 

ish-tail burner; argand burner; retort- 

iR X 5 cm.; tulie- funnel ; funnel, ro cm. in 

piece of linen, about 30 cm. in diameter; 

■tube; fluorspar; sand; hydrogen sulphate; 

; barium nitrate; distilled water. 

Bf ake a piece of glass tubing about 60 cm. long, and of 
lather larger interaa] diameler than the ordinaTy %a,s ieXwe.t'j 



t clear, and keep it i 

a similar way, using 

I place of granulated 

1 with chlorine in order 
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tube. Having slightly fused the ends in the gas-flame, bend it 
twice to a right angle in the same direction, making the first 
bend about lo cm. from one end, and the second about 30 cm. 
from the other end. Select a Florence flask of stout glass 
(since it is liable to be corroded by the hydrogen fluoride, and 
will soon give way if the bottom is thin), fit the shorter branch 
of the delivery tube to it, by a perforated cork, and support 
it in the retort-stand with a piece of wire-gauze under it 
Place under the outer extremity of the delivery tube a cylindrical 
gas jar containing a stratum of mercury about 1 2 mm. deep, 
into which the end of the delivery tube must dip. This stratum 
of mercury is quite essential, since it acts as a valve and pre- 
vents the entry of water into the tube, which would then soon 
be obstructed by the silica which is one of the products of the 
decomposition of the silicon fluoride. 

Reduce 20 grms. of fluor spar to a coarse powder in the 
mortar, mix it with twice its weight of powdered glass or fine 
sand (that which is called ' silver sand ' is the best), and transfer 
the mixture to the flask. Pour on it through an acid funnel 
60 c.c. of strong hydrogen sulphate, and stir the whole with a 
glass rod until it is thoroughly incorporated. Replace the cork 
and delivery tube, and after seeing that the end of the latter h 
completely covered by the mercury, fill up the jar or test-glass 
with distilled water, pouring it gently down the sides of the 
vessel so that none may enter the delivery tube through a dis- 
turbance of the surface of the mercury. Heat the flask very 
slowly with an argand burner or spirit lamp. The reaction 
between the fluor spar and the acid requires only a moderate 
temperature, and if too much heat be applied, the mixture 
froths up inconveniently, and may pass oyer into the water ^ 
When the gas begms to come over, each bubble as it emerges 
from the mercury becomes coated with a film of silica, which is 
left behind when the bubble reaches the surface of the water, as 
a shrunken, collapsed bag ^. If a strong solution of hydrogen 
and silicon fluoride be wauled, \l \?» a ^ood plan to set up 

^ 2 Ca F2 -h Si O2 + 2 H^SO, =- iC^L^O, ^ "i^^^ -v ^\^ ^. 
^ 3 Si F4 + 4 Ha O = 2 H^S\¥e ^ ^V Y^^Ov 



HYDROGEN^ AND SILICON FLUORIDE, I2T 

another similar apparatus, with a delivery tube leading into the 
same jar of water. The time necessary to obtain the required 
solution is thus diminished by one half. 

Increase the heat slightly if the stream of silicon fluoride 

becomes slow, and continue it until no more gas comes over ' : 

then take the delivery tube quickly out of the solution by 

raising the retort-stand, and filter the liquid from the gelatinous 

silica through a paper, or more conveniently, a fine linen filter ; 

care being taken that none of the mercury falls on the filter. 

The silica thus obtained is very pure, and is hence worth the 

trouble of washing, an operation which takes some time, and 

must be done very thoroughly. After a final rinse with warm 

water, the filter containing the silica may be left to dry, either 

spontaneously or in a hot-air cupboard. 

It is best to keep the solution of the acidi not in glass, but 
in a gutta-percha bottle, since the former is always acted upon 
to a cenain extent. Before using it as a test for barium, see 
that it contains no hydrogen sulphate, which may have been 
carried over mechanically, if the action has proceeded too 
rapidly. 

Dissolve a few small crystals of s:rontium nitrate in lo c.c. 
of water, and add to the clear solution about 5 c.c. of the acid 
which you have prepared. If a precipitate or turbidity is pro- 
duced immediately, or within a few minutes, hydrogen sulphate 
is present. 

If the result of the above test is satisfactory, dissolve a 
crystal or two (about 0.5 grm.) of barium chloride in 10 c.c. of 
^ater, and add to the solution a few drops of the acid. An 
immediate crystalline precipitate should be produced ; other- 
wise the solution of the acid is not sufficiently strong, and 
should have more silicon fluoride passed through it, in the 
manner above described. 

^ Do not, however, apply a strong heat, or hydrogen sulphate may distil 
over, and render the solution useless for analytical purposes. 
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(B) PREPARATIONS OF NORMAL SOLUTIONS OF 

REAGENTS. 

It is intended that these solutions shall be made of such 
a strength that volumes which bear a simple relation to each 
other may contain weights of the different substances which 
correspond to the weights indicated by their chemical formulae 
It will thus be possible by a little care in measurement to avoic 
the risk of adding too much or too little of the reagent requirec 
to effect a decomposition. 

The formulae printed in italics represent absolute weights 
the centigramme being taken as the unit. Thus, Hj standin. 
for two parts by weight of hydrogen, H^ represents 2 cent 
grammes of hydrogen. Again, * (H N^^ C O3 in 5 c.c' signify 
that 5 c.c. of the solution contain 96 centigrammes of amm - 
nium carbonate ; and * Ba Cl^ in 20 c.c' signifies that 20 c 
of the solution contain 208 centigrammes of barium chlorici 
If, then, it is desired to precipitate all the barium from io c.c. 
the latter solution, it will only be necessary to measure c^ 
5 c.c. of the solution of ammonium carbonate for the purpose 

Reagents, even though procured, as they ought to be, fr<z 
a trustworthy chemist, are liable to contain impurities; ^l^ 
before use they should be invariably tested with care, a-i 
rejected at once (at least for analytical purposes) if ioxxi 
impure ^. 

The more usual impurities are mentioned in connectio: 
with each substance, together with simple tests for detecting 
them. 

In the following directions, although 100 c.c. is mentioned 
in all cases, yet it will be well to prepare twice or three times 
this quantity of some solutions, such as dilute hydrogen sul- 
phate, which are constantly required. 

^ Ba CI2 + (H4N),C O3 = Ba C O, + 2 (H^ N) CI. 
' In most cases, where the quantity purchased is small, it will probabo^ 
be best to exchange it for a pure sample, and not to attempt to purify 
it yourself. 
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1. Ammonium Carbonate {(JI^ N^ C O3 in 5 c.c). Dissolve 
I7grms. of the pure white sublimed salt in 75 c.c. of distilled 
water, add 15 c.c. of solution of ammonium hydrate (sp. gr. 
0.96), place the solution in a measure, and add more water 
until the whole measures 100 c.c. 

The salt often contains ammonium chloride and sulphate, 
and also iron chloride. If either of the two latter are present 
the salt is unfit for use, and another sample should be 
obtained. 

(a) Heat a small piece of it on perfectly clean platinum foil 
over a Bunsen's burner. It should volatilise entirely. 

(^) Add to a portion of the solution in a test-tube a drop 
of ammonium sulphide. If the solution becomes dark, or if 
a black precipitate is formed, iron is probably present. 

(c) Add to another portion of the solution pure dilute hy- 
drogen nitrate, drop by drop, until no further effervescence 
occurs and a drop of the liquid placed on blue litmus-paper 
turns it decidedly red : then add a drop of solution of barium 
chloride. If a cloudiness is. produced, a sulphate is probably 
present. 

[d) Acidify another portion with hydrogen nitrate, as in c, 
and add a drop of solution of silver nitrate. If a cloudiness 
Js produced, a chloride is probably present. 

2. ABamanium Chloride {{H^ N) CI in 5 c.c). Dissolve 
lo.j grms. of the pure salt in 80 c.c. of water, and dilute with 
Wer to loo c.c. 

The salt may contain ammonium sulphafe and iron chloride. 
It should be tested in the same manner as the carbonate (with 
the omission of Experiment d)j and rejected, except for making 
ammonia, if found impure. Both these impurities may be 
removed by recrystallisation. 

3. Ammonium Hydrate {{H^ N) II O in 5 c.c). Dilute 
50C.C. of solution of ammonia (sp. gr. 0.96, containing 7 grms. 
of ammonium hydrate in 100 c.c.) with water to 100 c.c. 

The solution should leave no residue on evaporation at 
^ temperature not much above ioo°, and should give little or 
^0 precipitate on addition of an equal volume of lime >n^1^i. 
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4. Ammonium Molybdate {{H^N) HMoO^ in 3oe.c.). 
Dissolve 6 grms. of the salt in 20 c.c. of solution of ammonium 
hydrate (sp. gr. 0.96) by a gentle heat ; pour the solutio 
slowly, with constant stirring, into 60 c.c. of dilute hydroge 
nitrate (equal volumes of the strong acid and water) : dilute i 
to 1 00 c.c and allow it to stand for a day before filtering it, i 
order that any traces of ammonium phospho-molybdate ma^^^ 
separate. 

5. Ammonium Oxalate ((/^^ N)^ C^ 0^ in 50 c.c). Die* _i 
solve 2.84 grms. of the salt in 60 c.c. of water, and dilute t^ 
100 c.c. 

6. Ammonium Sulphide {(H^N)^ ^S* in 5 c.c). The soL^,B 
tion usually sold varies in strength, but may generally be dilut _ e 
with three times its bulk of water for use. 

• It may be easily prepared by saturating 50 c.c. of solutl- or 
of ammonium hydrate (sp. gr. 0.96) with hydrogen sulph^tde 
(p. 108), and then adding 50 c.c. of the same solution of 
ammonium hydrate. 

The solution is colourless at first, but soon becomes yellor>w, 
owing to the formation of ammonium polysulphides. It stift 
however, remains fit for use in analysis for some time. 

The solution is liable to contain a sulphate, and possib/y 
a calcium salt. Test one portion with a drop of solution of 
barium chloride, and another portion with solution of ammo- 1 
nium oxalate. No precipitate should be produced in either case. 

7. Barium Chloride {Ba Cl^ in 50 c.c). Dissolve 4.9 grms. 
in 80 c.c of water, and dilute to 100 c.c. 

The purity of the salt may be tested as follows. Place about 
5 c.c of the solution in a test-tube, heat it nearly to boiling, and 
add a slight excess of dilute hydrogen sulphate. While the 
precipitate of barium sulphate is subsiding, get ready a filter 
(of Swedish paper), wash it two or three times with warm 
water, then filter off the barium sulphate and evaporate the 
filtrate to dryness on a clean watch-glass. No solid residue 
should be left. 

This test will not, however, serve to show whether lead » 
present, as it frequently is. -Its presence may be suspected? 
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the. solution becomes dark in colour when mixed with some 
solution of hydrogen sulphide. 

8. Calcium Chloride (CaCI^ in loc.c). Dissolve ii.i 
grms. of the dry salt (or 22 grms. of the crystallised salt) in 
80C.C. of water, and dilute to 100 c.c. 

■ This reagent "is, however, required but seldom, and may 
l)e dispensed with. 

The salt often contains iron perehloride, from which it may 
T)e purified by crystallisation from a small quantity of water. 
The solution should be quite neutral to test-paper, and should 
not become dark coloured, or give a precipitate when a drop 
of solution of ammonium sulphide is added. 

9. Calcium Hydrate (CaH^O^ in 540 c.c). For the 
method of making this solution, see Sect. 1, Ex. 5. 

• 10. Calcium Sulphate {CaSO^ in 500 c.c). This solu- 
tion should be made in the same manner as that of calcium 
liydrate. 

Il.Cobalt Nitrate {Co(NO)^, in 20 c.c). Dissolve 7.25 
gnns. of the crystallised salt in 40 c.c. of water, and dilute to 

50 CO. 

12. Hydrogen Acetate {HC^H^O.^ in 5 c.c). The acid 
of which the sp. gr. is 1.017 is nearly of the right strength. It 
often contains a chloride and a sulphate, but traces of these 
^11 not interfere \vith its use in analysis. 

(a) Evaporate a portion of the acid on a watch-glass. It 
should leave no residue. 

. (^) To another portion add three or four drops of dilute 
hydrogen nitrate, and then a drop of solution of silver nitrate. 
^ a cloudiness is produced, a chloride is present. 

(f) To another portion add a drop of solution of barium 
chloride. If a cloudiness is produced, a sulphate is pre- 
sent. 

13. Hydrogen Chloride (H CI in i c.c). The acid of which 
^he sp.gr. is 1.158 is very nearly of the right strength. It is 
'iable to contain a sulphate, and also iron and arsenic, and 
^ust, for analytical purposes, be obtained free from these 
^purities. 
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(a) Dilute a portion with three or four times its volume of 
water, and test for a sulphate by solution of barium chloride. 

{b) The presence of iron is generally indicated by the yellow 
colour of the acid. Add to a portion a drop of hydrogen nitrate, 
and boil the mixture for a few seconds; then add an equal 
volume of water, and allow it to cool. If the Ifquid turns red on 
addition of a drop of potassium sulphocyanide, iron is present 

{c) Arsenic must be tested for by Marsh's method (see under 
Arsenic, Sect. 5). 

14. Hydrogen Chloride, diljite {H CI in 5 c.c). Place 
20 c.c. of the strong acid in a measure, and dilute with water 
to 100 c.c. 

15. Hydrogen Nitrate {H N O^m i c.c). The acid of 
which the sp. gr. is 1.3 is very nearly of the right strength. It 
is liable to contain lower nitrogen oxides, and also a sulphate 
and a chloride. 

{a) It should leave no residue when evaporated on a watdh 
glass. 

{b) It should be colourless. If it is yellow, lower nitrogen 
oxides are present. These, however, are usually found in 
the acid when it has been exposed to light, and do not in 
general interfere with its use in analysis. 

{c) When separate portions are diluted with water and tested 
with solution of barium chloride and silver nitrate, no cloudi- 
ness should be produced in either case. 

16. Hydrogen Nitrate, dilute {H N 0^'m ^ c.c). Place 
20 c.c. of the strong acid in a measure, and dilute with water 
to 100 c.c 

17. Hydrogen Sulphate (H^ S O^ in 0.55 c.c). The acid 
of which the sp. gr. is 1.845 is very nearly of the right strength. 
It may contain lead and arsenic, and also a nitrate, and must, 
for analysis, be obtained free from these impurities.^ 

(a) Evaporate a few drops on a porcelain dish, taking care 
not to inhale the dense white fumes of the acid. No solid 
residue should be left. 
(3) Dilute a few drops o? l\ve ^Ld^VsAv ^ ot "^^cc, of water. 
If the mixture becomes tutbid, \e21d \^ ^i^^e?D\.. 
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(f) Piace a Kttle of the acid in a test-iube and pour, very 
slowly, down the side of the tube some soluiion of iron proto- 
sulphate, so that the lighter fluid may rest upon, not mis with, 
the heavy acid. If, after a time, a brown stratum appears at 
the junction of the two fluids, a nitrate is present. 
((/) Arsenic should be tested for by Marsh's method (Sect. 5). 
18, Hydrogen Sulphate, dilute{Zf3 50jin,';c.c.). Measure 
m 60 c.c. of water into a beaker and add by degrees (see 
p. 87) 1 1 c.c. of the strong acid, stirring the mixture continually 
with a glass rod. When the liquid is cool, pour it into the 
id dilute to loocc. 
:19. Iron Ferchlaiide (/> j C^ in 50 c.c), Dissolve a. 25 
of fine iron-wire in about 30 c.c. of dilute hydrogen 
(title, heating the mature in a small flask. When all the iron 
Issolved pass chlorine through the solution until it smells 
mgly of the gas, then pour it into a porcelain dish and 
irate it to a small bulk. Finally, dilute it with water to 
;. and filter it. 

30, Iron Frotoatilphste (Fe S 0, in 50 c.c). Dissolve 5.5 
of the pure green crystals in 60 c.c. of cold water, with 
of about 10 c.c. of dilute hydrogen sulphate, and dilute 
ft-ater to 100 c.c. Owing to the great tendency of iron 
Its to absorb oxyg'en and pass into persalts, the solution 
be preserved unaltered for any length of time, and will 
lin an increasing quantity of iron persulphate the longer 
kept. This tendency is lessened by the addition of acid 
ibove recommended. 

Lead Acetate (PA (C, H, OX in 50 c.c). Dissolve 6.5 
of the salt in 80 c.c. of water, with the addition of one or 
■drops of hydrogen acetate, and dilute to 100 c.c. 

Magnesium Sulphate {Mg S 0^ in go c.c). Dissolve 
13, of the salt in 80 c.c. of water, and dilute to too c.c 
23. Mercury Perchloride {IfgCl^ifi. too c.c). Dissolve 
3.2 grms. of the crystallised salt in 80 c.c. of water, and dilute 



^.6 grms. of (he crystallised salt in 80 C.c. ot ■wa.Xti, *4& a, V 
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drops of dilute hydrogen nitrate, and dilute to loo c.c. Keep the 
solution in a bottle containing 2 or 3 grms. of metallic mercury. 

25. Flatiniun Ferchloride {Pi Cl^ in 50 c.c). A compara- 
tively small quantity of this substance will be required, and 
it will on the whole be best to purchase it in the state of solu- 
tion (1.4 grms. of the salt dissolved in 25 c.c. of water). The 
method of obtaining it from platinum scraps and residues 
is given in Appendix B. 

26. Potassium Chromate (H^^ ^^ ^4 ^^ 5° c.c). Dissolw 
4 grms. of the salt in 80 c.c. of water, and dilute to 100 cc 

27. Potassium Ferricyanide {K^Fe^C N)^ in 50C.4 ] 
Dissolve 6.6 grms. of the salt in 80 c.c. of water, and dilute to 
100 c.c The solution, especially if it has been kept fort 
month or two, is liable to contain traces of potassium feno- 
cyanide. It should give no blue precipitate, but only a browB 
colouration when tested with a drop of a solution of pure iron 
perchloride. 

28. Potassium Fejrocyanide {K^Fe {C N)^ in .500,4 
Dissolve 8.4 grms. of the salt in 80 c.c of water, and dilute to 
100 c.c. Potassium ferricyanide is sometimes present as w 
impurity : it may be detected by adding to a portion of the 
solution a drop of solution of silver nitrate. If a reddidh 
brown and not a white precipitate is found, potassium fern- 
cyanide is present. The salt may easily be purified by «• 
crystallisation. 

29. Potassium Hydrate {K H O m 5 c.c.) Dissolve 11 
grms. of the substance (which is sold in sticks) in 80 cc. of water, 
closing the mouth of the flask with a cork, to prevent absorp- 
tion of carbon dioxide from the air. When the solution is cool, 
pour it into the measure, and dilute to 100 cc ; then transfer 
it without loss of time to a stoppered bottle, which should not 
be made of flint glass. It is difficult to obtain pure potassiupi 
hydrate, and its solution attacks the glass of the bottles in 
which it is kept, and takes up carbon dioxide from the air. 
A fresh solution should therefore be made from time to time; 

and for some expeTimeivts it 'w^ \i^ \i^%\. \g <^<ajcAve a small 
lump of the substance in walei ^iivd m^^ \X. ^\ orftRfe. 
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The usual impurities are — a carbonate, an aluminate, a 
silicate, a chloride, and a sulphate, of which the last two are 
not important Traces, at any rate, of the three first-mentioned 
impurities will be found in a solution which has been kept 
some time : the carbonate derived from the carbon dioxide in 
tile air, the aluminate and silicate from the glass of the bottles. 

{a) Add to a portion of the solution pure dilute hydrogen 
nitrate, until a drop of the liquid placed on blue litmus-paper 
colours it decidedly red. No effervescence indicative of the 
presence of a carbonate should be produced. 

(3) Test one portion of the solution which you have acidified 
'With hydrogen nitrate, for a sulphate by adding a drop of 
solution of barium chloride. 

(c) Test another portion of the same solution for a chloride, 
by adding a drop of solution of silver nitrate. 

(d) Acidify a portion of the solution of potassium hydrate 
with dilute hydrogen chloride, then add solution of ammonia 
until the liquid is alkaline to test-paper, and boil the solution. 
If a flocculent, semi-transparent precipitate is formed after a 
little time, an aluminate is present. 

80. Potassium Iodide {Klin 50C.C.). Dissolve 3.3grms. 
of the salt in 80 c.c. of water, and dilute to loo c.c. 

The salt usually contains a little potassium iodate. It should 
be bought in the form of colourless, well-defined cubic crystals. 
The solution should not turn yellow at once when one or two 
ttops of pure dilute hydrogen sulphate are added. 

31. Potassiuin Sulphocyanate {KC NS in ^o c.c.) Dis- 
solve 2 grms. of the salt in 80 c.c. of water, and dilute to 
100 cc. 

32. Silver Nitrate {AgNO^ in 50 c.c). Dissolve 3.4 grms. 
of the salt in 80 c.c. of water, and dilute to loo c.c. 

83. Sodium Carbonate {Na.^^ C O^in 10 c.c). Dissolve 28.6 
gnns. of the crystallised salt in 80 c.c of water, and dilute 
to 100 C.C. 

The salt is liable to contain sodium sulphate and chloride, 
^^ should, for analytical purposes, be free from these im- 
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Add to a portion of the solution dilute hydrogen lut*. 
as long as an effervescence occurs, warm the liquid until t 
carbon dioxide is completely expelled, and divide it into t\ 
portions. Test one portion for a sulphate by adding a drop 
solution of barium chloride, and the other portion for a chlori 
by adding a drop of solution of silver nitrate. No predpits 
should be produced in either case. 

34. Sodium and Hydrogen Phosphate (Na^HPO^ 
50 c.c). Dissolve 7.2 grms, of the salt in 80 cc. of water, s 
dilute to 100 c.c. 

The salt is liable to contain a chloride and a carbona 
These impurities should be tested for in the manner describ 
under the head of Potassium Hydrate, p. 1 28 *. 

35. Sodium and Hydrogen Tartrate {NaltC^H^O^ i 
50 c.c). Dissolve 3.8 grms. of the salt in 80 c.c», and dilut 
to 100 c.c. 

36. Starch. The solution of this reagent does not kee 
well, and should only l^ prepared in small quantities 
required. Place a minute quantity of pure white starch ir 
test-tube, add a few drops of water, and shake the tube v 
the starch is thoroughly mixed with the water. Heat abov 
or 15 cc. of water to boiling in another tube, and pour the 
ing liquid upon the starch, agitating the mixture. The 
liquid will become semi-transparent, the starch granules 
swelled and broken up and their contents having dissc 

the water. Filter the liquid while hot into another ti 
do not use it until it has cooled. 

37. Tin Frotochloride {Sn Cl^ in 50 cc). For c 
for making this solution, see p. 118. 

^ A green fungus is almost invariably found at the bottc 
in which a solution of this salt has been kept for some time. 



SECTION IV. 

EXPERIMENTS WITH THE MOUTH BLOWPIPE. 

pt is diflScult to attach too much importance to practice in 
the use of the blowpipe. The apparatus required is extremely 
portable and cheap, and a great many minerals may be 
analysed with certainty by its employment alone, even when 
only a minute portion of the substance is available. No branch 
of chemical study is better adapted to teach the beginner habits 
of dose, accurate observation, and economy of material] 



Apparatus required — Blowpipe ; blowpipe lamp ; piece of platinum 
wire; piece of platinum foil; two or three pieces of charcoal; small 
glass mortar ; watch-glasses ; crucible tongs ; test-tube ; knife ; sodium 
^borate ; sodium carbonate ; potassium dichromate ; potassium cyanide ; 
strontium nitrate; barium chloride; solution of cobalt nitrate; man- 
ganese dioxide ; iron peroxide ; tin peroxide ; silica ; bismuth ; cadmium 
sulphate ; calcium sulphate ; dilute hydrogen chloride. 

The mouth blowpipe consists, in its simplest form, of a 
^>€ring tube, usually bent near its smaller end to a right angle, 
I -^ terminating in a fine jet. 




Fig. 46. 

Sut as the moisture of the breath soon collects in the tube 
*ftd mterrupts the flow of air, a much superior form of blow- 
f^ is that which was introduced by Dr. Black, and which 
^represented in Fig. 46. 
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1^2 EXPERIMENTS WITH THE MOUTH BLOWPIPE. 

All moisture is condensed in the wider part of the tube, \ 
the movable nozzle can be readily unscrewed and cleaned 
if it should become stopped up by soot or oxide. Before 
instrument is used, the nozzle should be carefully examine 
see that the aperture is clear, round, and not very large, o1 
wise the cone of flame will be ragged, irregular, and bi 
like. 

The best fuel to be used with the blowpipe is undoubl 
ordinary coal gas, where it can be obtained. The most effi( 
form of burner is that represented by Fig. 5 a. It cor 
merely of a short piece of brass tube about i cm. in diam 
flattened out at one extremity until its edges form a na; 
rectangular aperture about 0.5 mm. broad, inclined at an a 
of 70° to the axis of the tube. This tube, which need no 
more than 3 cm. long, may be screwed into the same iron 
which serves as the base of the argand burner. The orific 
the burner should not be more than 10 cm. above the tab! 
order that the greatest steadiness may be secured by res 
the arms on the table, while the right hand holds the blow 
and the left hand holds the support containing the subst 
to be examined. The blast of air should be directed obliq 
downwards, parallel, in fact, with the orifice of the bui 
The following figure (Fig. 47, next page) will serve to n 
the position clear. 

[If gas is not available, an oil lamp, a tallow lamp, or a s 
lamp fed with a mixture of ten parts spirit of wine and one 
turpentine, may be used, or finally, but not preferably, a 
candle. The lamp should have a flat wick, which just before 
must be carefully trimmed smooth and divided along the mi 
with the trimming scissors, so as to leave a furrow along wl 
and about 2 mm. above it, the blast of air from the blowpipe r 
be directed.] 

The first thing to be learnt in the use of the blowpip 
the method of keeping up a regular, continuous blast of 
for several minutes without interrupting the ordinary pro( 
of respiration. This is by no means difficult. In the ordir 
double organ bellows, we can distinguish two essential pa 
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(u) the lower compartment or ' feeder,' which by its alternate 
eipansion and eonlraction supplies air intermittently ; and (4) 
the upper compartment or ' resen'oir,' which receives and stores 
up ihe air thrown in by the feeder, and sends it out in a con- 
linuous stream at a uniform pressure to the pipes. When the 
blowpipe is properly used, the lungs and the mouth are acting 
respectively as the feeder and the reservoir of the bellows; 




rig. 47- 



BrmuBcles of the cheeks ncling as the weights placed ( 
le reservoir to secure a constant pressure on the gas ; the 
ingue, slightly drawn back and applied to the roof of the 
louth, representing the valve between the feeder and 'the 
iservoir; and the nostrils representing the apettuve OaxQu-^t. 
'lich air enters the feeder. 
These analogies being borne in mind, ihe S6\!lO«\tt% « 
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directions will, it is thought, be sufficient to guide the student 
in learning the use of the blowpipe ; a few minutes' practice 
being of more value than a prolonged description. 

Begin by distending the cheeks with air from the lungs; 
keep them thus distended while you breathe freely through the 
nose. In doing this you will have unconsciously placed the 
tongue in the position it should occupy as a valve between 
the mouth and the lungs. * Now insert the blowpipe between 
the lips, and expel the air from the mouth through the jet by 
compressing the muscles of the cheeks. When the stock of 
air in the mouth is nearly, but not quite, exhausted, introduce 
a fresh supply of air direct from the lungs, interrupting the 
ordinary respiration for a moment only, and slightly relaxing 
the muscles of the cheeks, so that they again become distended 
with air. 

A difficulty will probably be found at first in keeping the 
pressure constant just at the moment at which air is thus 
thrown into the mouth from the lungs. A very little practice, 
however, will enable you almost unconsciously so to balance the 
action of the muscles of the chest and cheeks, that the latter 
yield exactly in proportion as the former impel air into the 
mouth, and thus no variation is perceptible in the blast of air 
from the jet. When, after one or two trials, you find that you 
can produce a fairly uniform stream of air for a minute or so, 
you may bring the jet into the lamp-flame^ in the position 
above described, and use the blast of air to deflect the flame. 
The appearance of the. latter will sufficiently indicate the 
regularity and pressure of the stream of air. It should ap- 
pear as a well-defined cone of blue light, burning noiselessly, 
surrounded by a faint nebulous yellowish envelope, which 
reaches for some distance beyond the apex of the cone. W 
it flickers, and bums with a roaring noise, either the jet 
is not introduced sufficiently far into the flame, or the aper- 
ture is too large, or the pressure of air too great. If it is 
irregular in outline, the aperture of the jet is not round, 

^ This should be about as large as the flame of an ordinary candle. 
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and must be cleaned out and rounded by introducing a 
large needle; or, if you are using a lamp with a wick, the 
latter may not be evenly trimmed, the projecting filament 
breaking the current of air. If the flame appears as a luminous 
tongue, either the aperture of the jet is too small, or the stream 
of air is not propelled with sufficient force ; or, finally, the flame 
itself is too large. 

The blowpipe-flame is used for three distinct objects. 

ist, and always, to subject substances to a higher temperature 
tban the lamp alone would give. 

2nd. To promote the union of oxygen with substances capable 
of combining with it; in other words, to oxidise them. 

3rd. To abstract oxygen from substances which readily part 
with it; in other words, to reduce them. 

The possibility of employing the blowpipe for the last two 
purposes will be evident if we examine the structure of the 
lamp-flame before it is deflected by the blast of air. It will 
be readily seen to consist of at least two distinct parts. 

1. A dark central portion, composed of gaseous compounds 
of hydrogen and carbon, unburnt as yet, since no oxygen can 
reach them, but raised to a high temperature by the surround- 
ing portions of the flame. 

2. A luminous zone, depositing soot on cold bodies placed 
in it, consisting of the gaseous hydrocarbons in the act of com- 
binmg with the oxygen of the air ; their hydrogen being wholly 
burnt to water, their carbon only partially burnt to carbon 
dioxide ; the remainder of the carbon being set free and raised 
to a white heat by the temperature of combustion, thus impart- 
ing to the flame all its luminosity. This carbon is itself con- 
sumed as it reaches the exterior of the zone. 

3. A scarcely visible, ill-defined external envelope, consisting 
of the gaseous or vaporised products of combustion, viz. carbon 
dioxide and water, mixed with a great excess of air strongly 
heated owing to its proximity to the zone of combustion. 

It is obvious that a substance placed in the centre of the 
fiame and gradually brought to the exterior will be successively 
objected to reduction, simple ignition, and ox\daX\oiv. TVv^ 
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heated hydrocarbons which compose the central portion wiD, 
if the substance contain oxygen loosely combined, abstract that 
oxygen and be converted into carbon dioxide and water. As 
the substance approaches the exterior of the flame it will arrive 
at an area of perfect combustion, where the hydrocarbons meet 
with just enough oxygen to bum them completely, and where, 
consequently, the temperature is highest. Finally, when it 
arrives at the extreme border of the flame, it is in contact 
with excess of highly heated air, or diluted oxygen, which 
will combine with it if combination is possible under such 
conditions. 

The cone of flame produced by driving a blast of air from 
the blowpipe through the lamp-flame is precisely similar in its 
constitution ; its powers being intensified, not changed in kind, 
by a judicious adjustment of the relative proportions of gas 
and air. 

1. To effect reduction;— -more gas and less air will be 
needed, the object being to bum the gas only partially, and 
thus to compel it to obtain the oxygen necessary for com* 
bustion from the substance submitted to its action. Admit 
more gas, therefore, until the flame is about 8 cm. high, and, 
holding the blowpipe-jet at the dorder of the visible flame, blow 
a gentle stream of air through it, so as to deflect the flame in 
the form of a long luminous tongue, within the tip of which 
the substance to be reduced must be held, wholly inmiersed in 
the flame, and thus exposed to the same conditions as the ore 
in the body of a smelting furnace, surrounded by ignited fuel 
and combustible gases. 

2. To eff^ect oxidation; — more air and less gas is needed, the 
object being not only to bum the latter completely, but also 
to provide, over and above, a supply of highly heated oxygen, 
and thus to expose the substance to conditions similar to those 
which exist on the hearth of a cupelling furnace. Diminish 
the supply of gas until the flame is only 5 or 6 cm. in height; ! 
introduce the blowpipe-jet about i mm. within the border of 

the Same, and blow more slTOiv^Vy ^o ^% Xo ^^^^^^ifc "^ ^^. 
deGned blue cone, surrounded by ^. fe^m^y \>xcKatf>iv>& «sm^^t^ 
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and hold the substance to be oxidised about i cm. in front 
of the tip of the blue cone. 

3. To expose a substance to the highest attainable temperai- 
ture, it must be held just at the tip of the blue cone mentioned 
above. Here the combustion is complete, and hence we have 
the maximum temperature which can be produced by the union 
of the gases. 

It must be understood that, where an oil or spirit lamp is 
used, the raising and lowering the wick will have the same 
effect as increasing or diminishing the supply of gas to the 
burner. 

The supports for substances to be exposed to the blowpipe- 
flame are principally of the following kinds. 

1. Platinum foil or wire : the former in strips about 2 cm. 
broad and 5 cm. long, held in a pair of crucible tongs or 
forceps; the latter, No. 26 brass wire-gauge, in pieces about 
6 cm. long, terminating in a small ring about 2 mm. in diameter, 
fonned by bending the end of the wire round any small cylin- 
drical body ; the tip of the blowpipe-jet answers very well. 

Platinum foil is used as a support when substances are to 
be heated per se, to test their fusibility or volatility. The loop 
of platinum wire ser\'es to hold a bead of melted borax when 
we wish to examine the colour imparted to it by certain metals. 

2. Charcoal, in the form of flat pieces of beech or elm 
charcoal, which should be carefully selected free from cracks 
and of close even texture. Good pieces may always be found 
among ordinary charcoal, sold for burning, and should be cut 
across the grain with a fine saw into pieces about 1.5 cm. thick. 
A cross section is always to be preferred 
to a longitudinal one, since the former 
absorbs the flux more readily, and does 
not split when heated. With the point of 
a knife cut a small conical hole in the 
charcoal, as shown in section in Fig. 48, p- g 

so as to form a small crucible for contain- 
ing the substance'; taking care that the surface of the charcoal 
extends some little way beyond the hole, so that any incrustation 
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may be retained for examination. The charcoal may be con- 
veniently held in a pair of crucible tongs, their bent points 
being turned upwards, as in Fig. 47. 

3. Pieces of hard, difficultly fusible glass tubing, about 6 cm. 
in length and 3 mm. in diameter internally, sealed at one end 
and expanded into a small bulb. The shape and method of 
making these tubes is given at p. 39. 

4. Pieces of similar tubing about 8 or 9 cm. in length, open 
at both ends. 

Such supports are extremely useful, when the elBfect of simply 
heating a substance is to be tried, as a preliminary to its actual 
analysis ; especially where there is reason to expect that any 
volatile products may be formed, since these will be retained in 
the cooler part of the tube for future examination. In general, 
however, the heat of a Bunsen's burner, or even a good spirit 
lamp, will be sufficient in such cases. Indeed, no glass tube 
will long withstand the intense heat of the blowpipe-flame 
without softening and enclosing the substance under examina- 
tion. 

Pieces of broken porcelain, such as the fragments of an 
evaporating dish, will almost always serve in place of the 
platinum foil, when it is not essential that silica or alumina 
should be excluded. Platinum foil should be used only when 
nothing else will serve the purpose, since it is not easy to keep 
it clean, and it is soon acted on and pierced with small holes 
which render it useless. 

The pieces of platinum wire for blowpipe use may be con- 
veniently preserved in the following way : — 

Fit a cork to a wide-mouthed i oz. bottle ; then with a sharp 
cork-borer cut two or mpre holes in the cork, about 5 mm. in 
diameter. Push out of the borer the small cylinders of cork 
extracted from the holes, and make a pin-hole along the axis 
of each. Pass one end of the piece of platinum wire through 
the pin-hole and bend it into a hook on the other side of the 
cork to secure the wire in its place. Lastly, fill the bottle 
nearly to the neck with dilute hydrogen chloride ; cork it, and 
lit into each hole a cork cylinder with wire attached, so that 
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Fig. 49. 



d of the wire may be immersed in the dilute acid. By 

I means the wires will be 

K always clea,a and ready 

I use; while the cork cy- 

serve as con- 

enl handles and prevent 

. from being lost. 

[. 49 represents a bottle 

h (itted. 

Paving thus learnt the 

1 principles on which 

e of the blowpipe de- 

■dB,you may proceed with 

' following experiments, 

i will serve to illustrate 

I practical employment of 

I instrument in analysis. Other experiments will be found 
tfteir proper places in Sect V. 
n the first place, light the lamp and see that it burns with 
eady flame, and that the wick, if it is an oil lamp, is properly 
aned and divided down the middle. If the flame wavers, 
g; to draughts in the room, a screen of some kind must be 
Tranged to protect it. Next examine the blowpipe-jet, and 
clean it out, if necessary, with a needle, until it deflects the 
flame into a steady pointed cone. Arrange the lamp at such 
a height that the hand which holds the substance in the flame 
may rest steadily on the table, while the other band holding the 
blowpipe may also be firmly supporled either oh some part of 
ihe stand of the lamp itself (Fig. 47) or on a wooden block 
placed close to it. A little sodium diborate (boras), and sodium 
carbonate in powder should be placed in watch-glasses near at 
hand. 

1. Make a small loop at the end of one of the bits of 
platinum wire, moisten it with a drop of distilled water, dip 
it into the sodium carbonate, and bold it in the toUKa, '^m.^. 
of the blowpipe-Same : noiice the intense ye^iovj toXo-M Xn 
•arted to the Same hy the sal:. 
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2. Repeat the preceding experiment, using a minute quantify 
of strontium nitrate instead of sodium carbonate. The flame 
will be coloured crimson ; and if barium nitrate be substituted 
for the strontium salt, it will tinge the flame yellowish green. 

The platinum wire must be rendered perfectly clean between 
each of the above experiments by washing it with a few drops 
of dilute hydrogen chloride, and heating it strongly imtil it does 
not of itself impart any colour to the flame. 

3. Heat the loop at the end of the platinum wire, and dip 
it into powdered borax placed in a watch-glass. A portion will 
adhere to the heated wire, and must be again brought into the 
blowpipe-flame. It will at first swell up and give off water, but 
will finally fuse into a colourless transparent bead, which un- 
dergoes no change on being further heated. When the bead 
is cold, moisten it slightly with solution of cobalt nitrate, and 
again heat it slowly before the blowpipe, holding it in the 
hottest part of the flame, i. e. at the apex of the blue cone. 
When all action appears to have ceased and the bead is as 
clear as at first, withdraw it from the flame and allow it to cool. 
It will now be seen to have acquired a deep blue colour, if the 
cobalt salt has been taken in the right proportion. If the bead 
appears nearly black, too much of the cobalt nitrate has been 
added, and the wire after being again heated must be tapped 
on the edge of the 4:able, so as to shake off the greater part 
of the still fluid bead, then dipped into the borax and again 
fused before the blowpipe. If the blue colour is very faint, 
a little more of the cobalt nitrate must be taken; but the 
delicacy of the reaction is so great that it is hardly possible 
to take too little of the substance. 

4. Repeat the above experiment, using a clean platinum 
wire, and taking, instead of cobalt nitrate, potassium dichro- 
mate. The powdered salt may be placed in a watch-glass, 
and the borax bead, while still red-hot, should be just brought 
into contact with it so as to take up the smallest perceptible 
quantity, and then held in the hottest part of the blowpipe- 

flame for a few seconds. It m\\, oiv coo\v5\%^ ^-^^-ax. ^\ -sx 
emerald green colour. 
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In the preceding experiments it is immaterial into what part 
of the flame the substances are introduced, since the colour 
imparted to borax glass by cobalt and chromium is the same 
whether the oxidising or reducing flame be employed to melt 
the bead. In the following Exercises, however, the distinction 
between the two flames must be carefully observed, and the 
iDead should be kept steadily for at least half a minute in the 
one or the other flame, as directed. 

5. Form a borax bead as above, and, having added to it 

at trace of manganese dioxide, heat it in the oxidising flame, 

Inolding it i cm. at least in front of the visible flame. The bead 

^^will acquire an amethyst colour. Now heat it again, but this 

t.ime in the reducing flame, holding it so that the luminous 

IDOrtion shall completely envelope it, and taking care that it 

does not, even for a moment, remain in the outer border of 

tlie flame. It will now be found that the amethyst colour has 

iTearly or completely disappeared, and the bead is as colourless 

as at first. But if it be again held in the oxidising flame, the 

colour will return. 

6. Repeat the last experiment, using iron peroxide instead of 
manganese. The bead will, in the oxidising flame, be orange 
coloured when hot, yellow when cold ; in the reducing flame 
dull green when hot, becoming paler as it cools. 

[It will be interesting and useful to keep a set of characteristic 
lK)rax beads formed as above indicated, as a help to the memory, 
and as a standard of comparison. Such a set may be conveniently 
made as follows. Seal one end of a glass tube about 6 cm. long and 
2 mm. internal diameter. Place near the blowpipe a deep porcelain 
<lish, about 10 cm. in diameter (a large tea-cup will serve the pur- 
pose), perfectly clean and dry. After making the bead in the usual 
^y, and while it is still fluid, tap the platinum wire somewhat 
obliquely on the edge of the porcelain dish. The bead will detach 
itself and roll round the side of the dish, finally coming to rest at 
the bottom. It will be found to have preserved its spherical shape ; 
and if the colour is satisfactory, it should be placed at once in the 
glass tube, since its surface would soon effloresce in the air. Other 
beads may be formed in the same way, and dropped one by one 
into the tube, from which they should not much differ in diameter. 
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When the set is complete, the tube should be heated about 5 or * 
6 mm. above the last bead, drawn out, and sealed, thus preserving i 
the beads from further change.] 

The following list includes nearly all the substances which -* 
impart characteristic colours to borax glass : — Chromium, man- - 
ganese, nickel, cobalt, iron, copper, uranium. 

Two beads should be preserved in each case ; the one show- - 
ing the colour imparted by the substance in the oxidising, the ^ 
other in the reducing flame. 

7. Moisten the loop of the platinum wire with water; dip '■ 
it into the powdered sodium carbonate, and fuse the adhering 
salt in the hottest part of the flame. . It will give a bead 
which is clear while hot, but opaque when cold. Now add . 
to this bead a small quantity of powdered silicon dioxide 
(silica), and again heat it to fusion ; an effervescence will take 
place, owing to the liberation of carbon dioxide. You will, 
when enough silica has been added, obtain a bead which 
retains its transparency when cold. 

A sodium silicate, such as you have here obtained, is the 
basis of ordinary glass. 

8. Prepare a charcoal support, as described p. 137. Mix 
together in a mortar equal parts of tin dioxide and potassium 
cyanide, and transfer a small quantity of the mixture to the 
hole in the charcoal, taking care that none is spilled over the 
surface of the support. Bring the mixture into the reducing 
flame of the blowpipe, holding the charcoal slightly inclined 
towards the jet, so that the flame may play directly into the 
hole. The mass will readily melt, and bright globules of 
metallic tin will make their appearance, while the flux will be 
gradually absorbed by the charcoal. Maintain the heat steadily 
until the scattered particles of metal have run together into one 
globule, and the flux has disappeared ; then withdraw it quickly 
from the flame and let it cool. Try the malleability of the 
metal by detaching it with a knife from the charcoal, placing 
it in the mortar and pressing the pestle strongly down upon it. 
It will be found to spread out under the pestle into a flat plate, 
not crumbling to powder or even tearing at the edges. 



EXPERIMENTS WITH THE MOUTH BLOWPIPE. 143 

9. Make a hole in another part of the charcoal support, and 
place in it the globule of tin which you have just obtained. 
Fuse it in the reducing flame, and notice that its surface can 
be kept quite bright so long as it is held in that flame. Remove 
it into the oxidising flame, slightly increasing the blast of air. 
It will now become tarnished, a crust of white oxide being 
formed, which appears to grow out of the metal. Bring it 
again into the reducing flame, and a bright globule of metal 
will be ^gain formed. The reduction should be assisted by the 
addition of a minute quantity of potassium cyanide. 

10. Try similar experiments with metallic bismuth, and notice 
that the globule of metal is brittle and crystalline, crumbling 
under the pressure of the pestle ; and that a yellow incrustation 
is formed on the charcoal, round the metal. 

11. Repeat Expt. 8, using cadmium sulphate instead of tin 
dioxide. The substance will fuse, and the charcoal will be 
covered with a reddish brown incrustation of cadmium oxide, 
foraied (owing to the volatility of the metal) at some distance 
from the cavity, 

12. Mix together a little plaster of Paris and charcoal (about 
equal parts of each) in a mortar ; and place some of the finely 
powdered mixture on a piece of platinum foil, which should be 
turned up at the edges so as to form a cup. Heat it strongly 
in the reducing flame for half a minute, and when it is cool 
detach the ignited mass from the platinum foil, place it in 
a test-tube and pour on it a few drops of hydrogen chloride, 
diluted with twice its bulk of water. Notice the effervescence 
which takes place, the odour of the escaping gas, and its 
action on a piece of filter-paper moistened with solution of 
lead acetate, p. 117. 

The calcium sulphate is reduced to sulphide by ignition with 
carbon, and the calcium sulphide when treated with hydrogen 
chloride is decomposed, calcium chloride being formed and 
hydrogen sulphide being given off ^ 

^ CaS04 + C2 = CaS + 2CO2. 
CaS + 2 HCl = CaCla + H^S. 



SECTION V. 

EXAMINATION OF THE PROPERTIES OF THE PRINCIPAL 
RADICLES AND THEIR COMPOUNDS. 



Introductory Hemarks. 

This Section will be devoted to a systematic examination 
of the properties of the simpler forms of matter, chiefly 
in order to acquire methods for recognising their presence 
in substances of unknown composition. 

The examination of a substance for the purpose of ascertaia- 
ing of what it consists is called Analysis (awxXvo-is), because 
we endeavour to break up, or dissect, the substance, and to 
find out whether each of the parts, into which we are able 
to divide it, agrees in properties with some one of the sub- 
stances with which we are already acquainted. As one of the 
simplest instances of analysis, the following experiment may 
be taken: — 

Place about 0.5 grm. of the red substance called ' red oxide 
of mercury ' in a test-tube, and heat it strongly over a Bunsen's 
burner, closing the mouth of the tube loosely with your finger. 
The substance will become darker in colour, and, as the heat 
approaches redness, a mirror-like ring will be formed in the 
cool part of the tube. Continue the heat until the whole of 
the red substance has disappeared, then light a cedar match, 
blow it out, and while it is still glowing plunge it into the tube. 
It will burst into flame. This property of re-kindling a glowing 
match we have seen to belong to oxygen, and on trying other 
experiments we should find that the properties of the gas in 
the tube agree altogether V\l\v V\vo?,^ ol xJcv^ ^otei^Xajc^^^ ^\stfis.\sas 
been called oxygen. Next, e^^jovm^ xX^^ xKcct^x^^^ ^^t^ 
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in the tube ; you will see that it is a cluster of small globules 
which, on being touched with a glass rod, run together into 
a larger globule possessing a bright metallic lustre and con- 
siderable weight. These properties, together with others which 
you would discover on further examination of the deposit, 
coincide with the properties of the substance called mercury. 
Moreover, if we weigh (a) the red substance before heating it 
in the tube, (d) the gas evolved, and (c) the metal deposited, 
we should find that the weight of the original substance was 
equal to the sum of the weights of the gas and of the metal 
obtained from it. 

Further, on making other experiments with the gas and the 
metal, we should find it impossible, with our present means, 
to break them up into simpler forms of matter. 

Our inference, then, is that the red substance is composed 
of the substance called oxygen and the substance called 
mercury. In what state these substances exist in the com- 
pound we cannot say ; all that we know is, that they, and they 
only, can be obtained from it. 

This is an example of an analysis which can be effected 
by heat alone. In general, however, other methods have to be 
employed, which call into play the different affinities of the 
constituents of a substance. It is by no means necessary 
actually to obtain the simplest forms of matter (the so-called 
'elements') from a substance in order to ascertain its com- 
position. It is sufficient to cause the formation of compounds 
^ch, from their colour, solubility, &c., and the conditions 
pnder which they are formed, may be recognised as substances 
containing particular elements. For instance, it was observed 
(p. 112) that when iron sulphide (a compound of iron and 
sulphur) is acted upon by an acid such as hydrogen sulphate, 
a gas is evolved which blackens paper moistened with a solution 
of lead acetate. The formation of !his black compound of 
lead, under the circumstances there given, is accepted as a proof 
of the presence of sulphur in the substance. 

In many cases a group of two or more elements appears 
to be more easily detached from a substance than the individual 
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elements ; the substance, like a crystal, cleaving more easily ii 
some directions than in others. An illustration of this will b 
found in Sect 2, Ex. 6. The substance, marble, from whicl 
we have considerable difficulty in obtaining carbon, oxygen, an< 
calcium individually, we found to yield by very simple treat 
ment a gas, the properties of which we examined. Havin 
once ascertained that this gas is composed of carbon an 
oxygen in certain proportions, we are satisfied, in the ex 
amination of other substances, if we can obtain the same ga 
from them by the action of hydrogen chloride. Substance 
which yield the gas when thus treated, we place under on 
head and call them * carbonates.' Similarly, in examinin 
marble for its other constituent, calcium, we do not attemj 
to isolate the element ; we stop short of this point, and ar 
satisfied with obtaining a compound with well-marked pro 
perties, from which it has once for all been proved possibL 
to obtain calcium. Substances from which we can obtain thii 
compound, we class together as * calcium salts.* 

We find, in fact, that certain groups of elements can be 
transferred from one compound to another, and the analysis 
of a substance is eflfected when it has been resolved into 
groups, the composition of which is known. These closely- 
linked groups, as well as the elements themselves, are called 
* radicles.' 

It has not been thought necessary to give, as hitherto, a list 
of apparatus, &c. required for each experiment. Before be- 
ginning each set of experiments, you should read over carefully 
all the directions given, note down what is required, and see 
that you have all that is necessary within your reach. 

[Some difficulty may be found in determining how much of a 
reagent is to be added to the substance under examination. Id 
most cases some indication of the proper amount is given in the 
text, but the best rule will be, always to consider for what purpose 
the reagent is added, and in what way the use of too much or toe 
little is likely to affect the chemical change. It may also be remem* 
bered that the error of adding too little of a reagent is, in general 
more remediable than the error of adding too much. 
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il pouring a solution from a bottle into a test-tube, it should be 

lie never to allow drops of the liquid to run down the side of the 

bottle. Apart from the unsightly appearance of a bottle encrusted 

B-ith crystallised salts, the labels are likely to be obliterated or 

_mihed off, and shelves and tables will be damaged. These incon- 

:es may be entirely avoided by the simple method of pouring 

is illustrated in Fig. 50. The test-tube, into which the liquid 




B to ba poured, is held near the top between the third linger and 
little finger of the left hand. The stopper, grasped by the forefinger 
ni thumb of the same band, is loosened and wetted with the solu- 
tion by slightly inclining the bottle; it is then withdrawn and held 
Jjainst the neck of the Itottle, while the test-tube is brought directly 
under it. The stopper then (like the glass rod in Fig. jo, p. 43) 
'ornis a prolongation or iip down which the liquid runs, not a par- 
ticle finding its way down the side of the bottle. Besides the greater 
ficility with which drops may be measured out, this method has 
I'le further advantage, that the stopper is never out of the hands, 
snd hence there is no danger of the solution being contaminated by 
Impurities taken up by the stopper from a dirty table. 

When a stopper is found to be fixed vnunovably in the bottle, try 
to loosen it by tapping it, first on one side then on the other, with 
e of wood such as the handle of a file, pressing the thumb 
!t the opposite side of the stopper and taking care to direct 
It blows obliquely upwards, rather than directly across the stop- 
If this does not succeed, heat the neck of the bottle by 
t to and fro over the flame of a spirit lamp, turning it 
itantly round. The neck will expand with the heat before the . 
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stopper, and if the latter is now tapped again, it will almost cer- 
tainly be loosened. There is, of course, a risk of cracking the 
bottle if it is heated too suddenly, but as the success of the method 
depends upon the difference in temperature between the neck and 
the stopper, the heat should be applied quickly, and only for a short 
time. If this method fails put a drop of oil or glycerine round the 
stopper, and leave the bottle for some time in a warm room. The 
oil will work its way between the neck and the stopper, and the 
latter may generally be loosened by tapping. If the bottle contains 
potassium hydrate, a drop of hydrogen sulphate may be substituted 
for the oil, and will remove the alkaline cement.] 



NITRATES and I91TBITES. 
Preparation of Hydrogen Nitrate. 

Set up an apparatus similar to that which was used for the 
distillation of water (Fig. 34, p. 54) ; taking, however, a stop- 
pered retort in place of the plain retort. Measure 20 ex. of 
water into a beaker, and add to it by degrees 20 c.c. of strong 
hydrogen sulphate \ While the mixture is cooling, weigh out 
20 grms. of potassium nitrate, powder the salt roughly in a 
mortar, transfer it to the retort (Fig. 41, p. 83), and replace 
the latter on the sand-bath. Pour the diluted acid through the 
tubulure by means of a funnel, taking particular care that none 
of the liquid passes down the neck of the retort ; then replace 
the glass stopper and proceed to heat the mixture. Hydrogen 
nitrate will soon begin to distil over, not in the most concen- 
trated form (since the hydrogen sulphate was slightly diluted), 
but sufficiently strong for experiments ^. 

Collect the first 2 or 3 c.c. of the liquid which distils over 
in a large test-tube, then substitute for it a flask as a receiver, 
and regulate the heat so as to keep the liquid in the retort 
gently boiling. It will be advisable to provide some means 
for cooling the receiver as well as the neck of the retort, to 

^ For the precautions necessary in diluting the acid, see p. 87. 
^XNO, + H2S04 = HN08+ KHSO;. 
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ensure the eflScient condensation of the corrosive vapours of 
the acid. For this purpose lay over the flask as it rests in 
the mortar one or two folds of blotting-paper, and pour over 
it from time to time some cold water. 

While the distillation is going on, you may examine the 
purity of the acid which came over first, and was collected 
in the tube. Add to it about loc.c. of water, and pour one 
half of the solution into another test-tube. 

(a) Test the first half of the solution with a drop of solution 
of barium chloride ; shake the mixture and hold it up to the 
light. If a turbidity is perceptible, hydrogen sulphate is present 
as an impurity ^. 

(3) To the other half of the solution add a drop of solution 
of silver nitrate. If a precipitate is produced, chlorine is 
present as an impurity, derived from the potassium chloride 
which the nitre of commerce usually contains. 

When crystals make their appearance in the liquid and on 
the sides of the retort, put out the lamp, and, as soon as the 
apparatus has cooled a little, withdraw the receiver and pour 
its contents into a clean stoppered bottle. The residue in 
the retort consists of potassium-and-hydrogen-sulphate, and 
may when cool be washed out with a little warm water. 
The retort itself, after being thoroughly rinsed with distilled 
water, should be set aside to dry, supported with the tubulure 
downwards in a Bunsen's holder or otherwise. 

Test two small portions of the acid which you have obtained 
with solution of barium chloride and with solution of silver 
nitrate respectively. If the distillation has been carefully con- 
ducted, traces only (at most) of sulphate and chloride should 
^ found to be present ^. The liquid will perhaps be slightly 



^ It must be borne in mind that barium nitrate is insoluble in strong 
^ogen nitrate ; and hence if the solution of hydrogen nitrate is not very 
^ute, a crystalline precipitate may be formed. This, however, is easily 
^tinguishable in appearance from barium sulphate, and will readily dis- 
^Ive when more water is added, and the liquid warmed. 

* In order to obtain a perfectly pure acid, it will generally be necessary 
to re-distil it after addition of a crystal or two of silver nitrate and of 
potassium dichromate. 
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yellow, owing to the presence of traces of lower nitrogen oxides 
(formed by the decomposition of the hydrogen nitrate which 
takes place if the temperature is somewhat too high), but this 
impurity is unimportant. 

The following experiments may now be tried with the acid 
which you have obtained : — 

1. Pour a litde of the liquid into a basin, place in it some 
of the feather of a quill pen, and concentrate by evaporation. 
The feather will in a short time be stained yellow. 

2. Pour some dilute solution of litmus into a test-tube and 
add one drop of the hydrogen nitrate. The blue colour will 
be at once changed to red, showing that hydrogen nitrate 
belongs to the class of substances which have an * acid re- 
action.' 

3. Pour about 5 c.c. of the liquid into a porcelain dish, and 
add about 3 c.c. of solution of ammonia. Stir the mixture with 
a glass rod, and place the drop of it which adheres to the rod 
upon a strip of blue litmus -paper laid on a clean glass plate. 
The liquid will redden the litmus-paper decidedly. Continue 
to add ammonia cautiously drop by drop, stirring the mixture, 
and placing a fresh drop from time to time on an untouched 
part of the strip of litmus-paper. You will find that a time 
will arrive when the liquid no longer alters the colour of the 
blue litmus-paper. When this is the case, place a drop of it 
on a piece of reddened litmus-paper, and observe whether the 
red colour is changed to blue. If so, pour a few drops of the 
hydrogen nitrate into a test-tube, dilute it with about ten times 
its volume of water, and add it by means of a pipette drop by 
drop to the solution in the dish, constantly trying the action of 
the liquid on both blue and reddened litmus-paper. You will 
eventually obtain a solution which does not alter the colour pf 
either test-paper. Such a solution is said to be 'neutral 'to 
test-paper (p. 105). When this point is reached, evaporate the 
solution to dryness on the sand-bath at a gentle heat ^ placing 
near it (for the sake of comparison) two watch-glasses, the one 

^ The heat must not be high, otherwise the salt will fuse and be decom- 
posed (Sect 2, Ex. 4). 
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coniaining a little hydrogen nitrate, the other a Hltle solution of 
immonia. You will find that a white residue will be left in the 
porcelain cUsh, while there will be scarcely a trace of a residue 
left in the watch-glasses. By bringing hydrogen nitrate in 
coniact with ammonia in a certain definite proportion, you 
have obtained a substance which differs from them in at least 
two respects, (a) in having no action on vegetable colours, 
{i] in being a crystallisable solid at ordinary lemperaturea. 
This ' salt ■ is, in fact, identical with the substance called 
immonium nitrate, from which you obtained nitrogen pro- 
lojide (Sect. 2, Ex. 4}. 

[For the following esperiments crystallised potassium nitrate and 
asoluiion of the same salt (made by dissolving c.5 grm, in 25 c.c. of 
water) should be used ',] 

4. Pour a little water into a test-tube, and add about half its 
volume of strong hydrogen sulphate, dropping in the acid 
little by little, lest the tube should be broken by the heat 
evolved. Nest, add just sufficient solution of indigo sulphate 
'0 colour the liquid distincdy blue, and then put in a few 
drops of the solution of potassium nitrate and heat the mis- 
tute to boiling. The blue colour of the indigo will disappear 
entirely. 

5. Place a small crystal of potassium nitrate on a piece of 
charcoal and direct the blowpipe- flame upon it. The salt fuses, 
and when the charcoal becomes red-hot, a vivid deflagration 
will take place owing to the decomposition of the nitrate and 
oxidation of the carbon ; the oxygen uniting with the carbon 
and potassium to form potassium carbonate, while nitrogen gas 
and carbon dioxide are liberated. 

6. Place one or two crystals of potassium nitrate in a dry 
test-tube, support the tube in a Bunsen's holder and heat it 
strongly over a lamp, placing a plate underneath, in case the 
tube should break. The salt will fuse to a dear Uquid, and when 
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further heated will begin to decompose with effervesceni 
oxygen gas being evolved while potassium nitrite is fonned^ 
Continue heating the salt for about a minute, then lake as 
the lamp and allow the residue to cool. Meanwhile put a dr 
of solution of potassium iodide into a lest-lube, add a lit 
water and five or sis drops of dilute hydrogen sulphate, Po 
one-half of this solution (which now contains hydrogen iodide 
into another test-tobe and add a few drops 
of potassium nitrate. No immediate change will be per- 
ceived, since nitrates are comparatively stable substances, 
do not give up os)'gen at once to hydrogen iodide. Ii 
next place, pour a little water on the residue, which will 
have cooled sufficiently and will readily dissolve on 
the tube gently. Add a few drops of the solution to 
remainder of the acidified solution of potassium iodide; 
latter will at once become yellow, since the nitrite gives 
oxygen to the hydrogen iodide present, with formation 
water and iodine. The presence of iodine may be 
confirmed by adding a little freshly-made solution of si 
when the liquid will become deep blue (see under iodides). 

This reaction serves to distinguish between nitraies la 
nitrites. 

A substance which, like hydrogen nitrite, readily gives n 
oxygen to other substances, is called an ' oxidising agent*,' 

J. Pour into a test-lube a few drops of the solution 1 
potassium nitrate; add an equal volume of strong hydroge 
sulphate, and drop in a bit of copper wire. Nitrogen diosic 
will be given off, and may be recognised by the red fiini' 
which it forms with the air in the tube. These may he mo 
distinctly seen by placing the tube on a piece of white pap 
and looking down into it. 

8. Place a little solution of potassium nitrate in a tube, ai 

' 3KNO, - 3KNO, + O, 

' It is remarltable that hydrogen nitrite is not only an oxidiang age 

but also in certain cases eSecta ftie si;para,UoTi q\ owj^eci. at itv other wM 

is a 'reducing agent." Thus il a 50\MV\tKv ol ■^'lasasiTa i;<tn.\K\i ■»!»•* 

SO acidified solution of metcuiY ■pio\.om\ta\E -^ gtci ■e^ecL^iiAfc *•»« 

mercury is formed. 
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80 equal volume of hydrogen sulphate as in the last experi- 
ment, and allow the mixture to become quite cold. Then, 
AoJding the tube in a slanting position, pour as slowly as pos- 
able down the side (most conveniently from a pipette, see 
p. 16) a solution of .iron protosulphate, so that the lighter 
solution may not mix with, but float upon, the heavier. A 
dark brown ring will be formed at the line of junction of 
the two liquids, which will, when the tube is heated, disappear 
with effervescence due to the escape of nitrogen dioxide. 

9. Place in a test-tube 3 or 4 grms. of granulated zinc and 
4t the quantity of iron wire cut into short pieces and doubled 
up. Add 5 cc. of a strong solution of potassium hydrate (pre- 
pared by dissolving some solid hydrate in its own bulk of water) 
and heat the mixture. Hydrogen gas will be evolved, and may 
l3e recognised by pressing the thumb gently against the mouth of 
the tube for a minute, while the liquid is heated just to boiling, 
and then applying a light. Now drop in a small crystal of 
pwtassium nitrate, keeping the mixture heated. Ammonia will 
l>e formed in abundance, and may be recognised by its odour 
and its action on a piece of reddened litmus-paper held at the 
mouth of the tube. 



AMMONIA. 

(For the general properties of the gas, see p. 99,) 

I. Form a piece of platinum wire, about 15 cm. long, into 
a dose spiral^ by coiling it round a glass rod or pencil, 
and attach it to a strip of card sufficiently wide to fit rather 
tightly into the neck of a flask about 400 cc. in capacity. 
The coil should hang down freely in the centre of the flask, 
the card forming a diaphragm or partition in the neck. With- 

*2KHO + Zn = ZnKaOa + H^. 

Compare the action of zinc upon hydrogen sulphate. The iron wire pro- 
motes tfie action of the potassium hydrate upon the zinc by forming with 
*^e latter a galvanic couple. Observe that the gas is evolved from the sur- 
^ of the iron. 

' The platinum wire may be of the thickness of that used for blowpipe 
^^periments (p. 157), but a rather thicker wire is prefeiable. 
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draw the coil from the flask, pour a few drops of a strong 
solution of ammonia into the latter, and shake it so as to dififuse 
the ammonia gas through the air contained in the flask. Heat 
the platinum spiral to redness in a spirit or gas lamp, znd while 
it is still red-hot, plunge it into the flask. The coil will 
continue to glow, and white vapours of anmionium nitrite 
will be almost immediately formed. The heated platinum 
wire has determined the union of the constituents of ammom 
with the oxygen of the air. If, when the coil of wire has 
ceased to glow, the flask is gently heated for a few seconds 
over a lamp, more ammonia gas will be evolved from the 
liquid, and the platinum will again become red-hot. After the 
lapse of a minute or two, take out the coil of wire, add 2 or 
3 c.c. of water, and shake it up in the flask ; then pour the 
liquid (which will be slightly yellow, owing to the presence 
of nitrogen tetroxide) into a test-tube, add enough dilute 
hydrogen sulphate to render the solution strongly acid (when 
the smell of nitrogen oxides will be perceived), then add one 
drop of solution of indigo sulphate, and heat the mixture. The 
blue colour of the indigo will disappear, proving, under the ' 
conditions of the experiment, that a nitrite or nitrate is 
present. 

In the last experiment' (p. 153) we found that ammonia 
might be obtained from a substance in which nitrogen is 
associated with oxygen : we have here found it possible to 
effect the converse change, and obtain a nitrogen oxide from 
ammonia. 

2. Place a little horse-hair or a few feathers in a large test- 
tube, and heat the tube rather strongly. The substance will 
soon blacken and be decomposed, giving off" among other 
volatile products ammonium carbonate and ammonia. The 
presence of the latter may be recognised by its odour, by its 
action on a piece of reddened litmus-paper held near the mouth 
of the tube, and by the white fumes formed when a glass rod 
dipped in strong hydrogen chloride is held in the issuing 
vapours. Horse-hair and othei ^cwiwaX. tcv^\x.^\^ -ax^ ^c>pcK^<5k\jssfe. 
of nitrogen, hydrogen, caiboiv, aivd o^>j%^xs.\ ^xA ^NV^\:^ "^^ 
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AMMONIA. 155 

*re decomposed a portion of the nitrogen and hydrogen unite 
to fonn ammonia. 

3. Place in a dry test-tube a globule of mercury about twice 
as large as a pea. Cut off a piece of sodium about half the size, 
^J^d carefully free it from naphtha by blotting-paper, then cut 
It into four or five small pieces, and, having previously heated 
the mercury slightly, add to it the bits of sodium, one by one. 
The two metals will combine with a slight explosion, forming 
a semi-fluid alloy or amalgam. While this substance is cooling, 
pciake a strong solution of ammonium chloride by dissolving 7 
or 8 grms. of the powdered salt in 20 c.c. of water, noticing the 
oold produced by the solution of the salt. Pour this solution 
into the test-tube containing the amalgam : the latter will imme- 
diately begin to increase in bulk, swelling into a grey porous 
irxass which will probably half fill the tube. Shake it out upon 
a- dish; notice its pasty consistence, and also that when no 
longer immersed in the solution of ammonium chloride it be- 
g^ins to decompose, shrinking in bulk, giving off ammonia and 
h>drogen, and finally leaving nothing but a globule of mercury. 
It is believe^ that this substance is a true amalgam or alloy 
c>f mercury with the metal ammonium, a body containing four- 
teen parts by weight of nitrogen united with four parts of 
li3'drogen, while ammonia consists of the same weight of nitro- 
S^cn united with only three parts of hydrogen. But this metal 
ft-om its instability has never been isolated, and is only known 
ixi combination with mercury and acid radicles, e. g. chlorine. 

4. Place a small fragment of ammonium chloride (common 
Sal ammoniac) in a dry test-tube, and heat it. Notice that it 
'V'olatilises entirely, forming a white sublimate in the upper part 
<^f the tube. Notice also that it passes at once from the solid 
to the gaseous state, without becoming a liquid ; bearing a 
resemblance to arsenic trioxide in this respect. 

5. Dissolve about 0.5 grm. of ammonium chloride in 50 c.c. 
^f water, and examine separate portions of the solution as 
follows : — 

(a) To the first portion add a drop or two of solution of 
platinum perchloride^ and shake the mixture. A. yello^f^ etys*- 
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talline precipitate mil be gradually formed, consisting of a 
double salt, ammonium and platinum chloride. If the solu- 
tions are very dilute the precipitate will not appear at once. 
Its formation may be hastened by shaking the liquid, and 
gently rubbing the sides of the tube below the surface of the* 
solution with a glass rod, great care being taken not to scratcfc 
the glass. Lines of minute crystals will soon appear along th^ 
parts of the glass touched by the rod ^ 

(d) Place a little powdered quicklime or slacked lime rz^ 
a small beaker, add just enough water to cover it, and ther 
one or two drops of solution of ammonium chloride. Cov^= 
the mouth of the beaker with a watch-glass, on the conv^^ 
(and lowermost) side of which has been spread a moist sL-5 
of reddened litmus-paper and a similar slip of turmeric-pap^: 
Heat the beaker very gently on the sand-bath. In a short tirxn 
ammonia will be evolved by the action of the calcium hydra, te 
on the ammonium salt, and will restore the blue colour to tlie 
litmus-paper and redden the turmeric-paper. When this is 
seen to be the case, remove the watch-glass, notice the odour 
of ammonia in the beaker, and also test for it by dipping into 
the beaker (without touching the sides) a glass rod moistened 
with strong hydrogen chloride or, better (since hydrogen chlo- 
ride itself fumes perceptibly), hydrogen acetate. 



CABBON. 

I, Poiu* a few drops of turpentine into a small evaporating 
dish, and place it in the centre of an ordinary china plate. 
Take out the stopper of a deflagrating jar, and place it side- 
ways on the neck, so as partially to close the opening. Apply 
a light to the turpentine, and place over it the jar, thus loosely 
stopped, and tilted slightly on one side, so as to admit a very 

^ This should be bome in mind as a very good method of hastening the 
formation of a crystalline precipitate. The surface of the glass seems to be 
altered I not necessarily scratched) by the close contact with the rod, so as 
to afford a nucleus for the formation oi cr^slaXs, 
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limited supply of air for the combustion of the turpentine. 

Under these circumstances the latter will not be completely 

iwrat, and a quantity of finely divided carbon (the ordinary 

iimp-black) will be deposited on the sides of the jar. Oxygen 

has less affinity for carbon than for hydrogen, and hence, while 

the whole of the latter is burnt, forming water, a part only of 

the former is converted into carbon dioxide, the rest appearing 

in the elemental condition. Compare Experiment 4, p. no, 

which illustrates a similar difference in the affinity of chlorine 

for carbon and for hydrogen, respectively. 

2. Put some pieces of leather or quills into a common clay 

crucible ; place the cover on the crucible and heat it to redness 

for a few minutes in an ordinary fire. When it is cold, take 

out the porous mass of charcoal and grind it to powder in 

a mortar ; then put some of it into a test-tube and add a little 

dilute solution of indigo or litmus. Shake up the mixture 

thoroughly, and filter it into a clean test-tube, passing it several 

titnes through the same filter. The filtrate will be nearly, or 

quite, colourless ; the carbon having taken up the colouring 

matter in the solution \ 

Animal charcoal (or bone-black), which has been recently 
ignited in a covered porcelain crucible, may be used in this 
and the • following experiment, and will be found to act 
even more powerfully than the charcoal prepared as above 
directed. 

3. Put the remainder of the animal charcoal prepared in the 
^st experiment into another test-tube, pour on it a few drops 
of solution of hydrogen sulphide, and shake the mixture tho- 
'"oughly for half a minute. You will find that the liquid has 
Jiow lost all the offensive smell of the gas, which has been 
absorbed by the charcoal. The value of charcoal as a dis- 
infectant is due to the property of absorbing gases which it 
possesses. 

4. The presence of graphite in cast-iron will be shown in 
^ ftiture experiment, under the head of * Iron.' 

^ The withdrawal of the colour appears to be more complete with 
'^ed than with blue litmus. 
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5. Fill a large gas-bottle with oxygen gas \ Select a slendec 
splinter of charcoal, about 3 cm. in length; lay it across ^ 
deflagrating spoon so that the ends may project on either sidc^ 
and confine it in its place by a coil or two of copper wire 
heat the ends until they glow, and immerse the spoon in tlk^ 
jar of gas. When the brilliancy of the combustion has di^ 
away, withdraw the charcoal, pour into the gas a little liir:^ 
water (from a test-tube, p. 94), and shake the bottle. Tkn 
lime water will immediately become turbid, owing to the pr^ 
sence of carbon dioxide, the oxygen having united with tlie 
carbon. 



CARBONATES. 

(For the general properties of carbon dioxide, see p. 91.) 

I. Add a few drops of dilute hydrogen sulphate to some 
sodium carbonate in a test-tube. Effervescence will take place 
owing to the liberation of carbon dioxide. Close the mouth 
of the tube with the finger, to confine the gas ; dip the long 
branch of an elbow tube in lime water, and introduce it into 
the test-tube (if possible without touching the sides). If suction 
is now applied to the outer end of the elbow tube, the drop of 
lime water, retained in the other branch by capillary action, 
will be drawn up and wet the sides of the tube, being thus 
freely exposed to the action of the gas. If the tube is now 
withdrawn and held against any dark background, the drop 
as it subsides again to the end of the tube will be seen to be 
turbid ^. 

Another method of applying the test is the following :-" 
Adapt a cork to a test-tube about 2 cm. in diameter: bore 
two holes in the cork, and fit into them elbow tubes similar 

^ Sufficient gas for this experiment may be made in a tube-apparatus 
such as that which is described at p. 171 for making hydrogen iodidCi 
a mixture of 10 grms. of potassium chlorate and 3 grms. of manganese 
dioxide being placed in the test-tube. 

^ A drop of lime water at the end of a glass rod will show turbidity itt 
the same way, when lowered carefully and steadily into the test-tube. Ii* 
either way very small traces of carbon dioxide may be detected. 
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used for the wash-bottle, p. 114, fig. 45. The long 

F one elbow tube should reach nearly to the bottom 

St- tube, and to its other 

lould be attached a piece 

ibber tubing about 18 or 

ong. Fill the test-tube 

f full of lime water, insert 

rubber tube into the test- 

which carbon dioxide is 

Ived, bringing its extremity 

wn to the surface of the 

d then apply your mouth 

her elbow tube and suck 

slowly through the lime 

lich will soon become tur- 

iQ the test-tube fitted with ^^^ 

ed in the last experi- ■ Fig. 51. 

1 it half full of fresh lime water, and suck air through 

1 for a few seconds, applying the mouth to the extre- 

he short elbow tube. No turbidity will be produced, 

tity of carbon dioxide in the air being very small. 

ving taken a deep breath, apply your mouth to the 

ow tube (the long branch of which passes into the 

nd blow air from the lungs through the lime water. 

r will immediately become turbid, showing that much 

ioxide is present in air which is expired from the 




ACETATES. 

:e a litde saw-dust or a few splinters of wood in a 
and heat the tube, supported in a Bunsen's holder, 

is lamp. The wood will blacken or ' char,' and give 
which will take fire if a lighted match is held at the 
the tube, while drops of a liquid will condense in the 

; of the tube. Bring a slip of blue litmus-pa^i iiv 
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contact vdth the liquid : it will be found to redden the papei 
strongly ; it consists, in fact, mainly of hydrogen acetate. 

2. Place a small quantity of lead acetate in a test-tube, poua 
on it a few drops of strong hydrogen sulphate, and heat ■ 
gently. The substance will not blacken (as a tartrate does— . 
but pungent-smelling vapours of hydrogen acetate will be giv^ 
off, which will redden a piece of litmus-paper held at the mou"« 
of the tube. 

If time permits, a little hydrogen acetate may be prepare 
from lead acetate in an apparatus similar to that which yt- ; 
used for the distillation of hydrogen nitrate (p. 148), 20 grncn 
of lead acetate ^ being substituted for the potassium nitrate. 

3. Repeat the above experiment, adding a few drops ^ 
alcohol (not methylated) before the addition of the hydrog^e 
sulphate. Vapours of ethyl acetate (acetic ether) will be givej 
off, which possess a characteristic fragrant smell, not unlile 
that of fresh apples. 

4. Place a little hydrogen acetate in a watch-glass and add 
solution of ammonia drop by drop until the liquid is just neutral 
to test-paper. If an excess of ammonia has been unintention- 
ally added, it may be driven off by evaporating the solution for 
a few minutes on the sand-bath. Now place the watch-glass 
on a piece of white paper, and add one drop of solution of 
iron perchloride. No precipitate will be formed, but the solu- 
tion will become dark red, and when boiled in a test-tube it will 
give a brown-red precipitate of basic iron acetate. 



TARTBATES. 

1. Place a small quantity of sodium-and-hydrogen-tartrate 
in a test-tube, add a little strong hydrogen sulphate, and heat 
gently. The mixture will blacken and give off carbon dioxide 
and other gases with effervescence. 

2. Heat a little of the same salt in a test-tube nearly to 
redness, holding the tube with the open end slightly inclined 
downwards, lest any moisture should run back to the heated 

^ Sodium acetate is better for this experiment, if it can be obtained. 
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part and crack the tube. The substance will become charred, 
iJid give oflf vapours possessing a charactenstic smell, like burnt 
sugar. When the residue is cold, pour on it a few drops of 
iilute hydrogen chloride. Carbon dioxide will be evolved, as 
ooay be proved by holding within the tube a glass tube dipped 
Ln lime water (p. 159). 

3. Dissolve I grm. of sodium-and-hydrogen-tartrate in 25 c.c. 
of water, and test separate portions of the solution as follows : — 
{a) To the first portion add one or two drops of solution 
of potassium hydrate, and shake the mixture. A crystalline 
precipitate of potassium and hydrogen tartrate will be gradually 
fonned. 

{b) To another portion add at least three or four times its 
volume of lime water. A white precipitate of calcium tartrate 
"will be produced, which will dissolve on addition of a few 
drops of solution of ammonium chloride. 

if) Neutralise another portion carefully with solution of po- 
tassium hydrate, add a drop of solution of silver nitrate, and 
heat the mixture to boiling. The liquid will turn black owing 
to fhe reduction of the silver salt ^. 



OXATiATES. 

I. Weigh out 4 grms. of loaf-sugar, reduce it to powder 
in a mortar, place it in a large test-tube, and pour upon it 
30 c.c. of strong hydrogen nitrate ; then heat the flask cau- 
tiously on a sand-bath (in a draught cupboard, if possible). 
Carbon dioxide and nitrogen oxides will be copiously evolved, 
and hydrogen oxalate will be formed in the liquid. When the 
action has moderated, pour the solution into a porcelain dish, 
^d evaporate it down until a drop taken out with a glass rod 
and placed on a watch-glass deposits crystals on cooling. The 
liquid may then be left to cool and crystallise. Transparent 
prisms of hydrogen oxalate will thus be obtained, which, after 
the liquid has been poured off, should be placed in a filter (or 

* For a modification of this Experiment, see p. 192 (/). 

M 
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a funnel, the neck of which has been obstructed by a bit of 
glass rod) and left to drain, and finally washed with a litde water 
and dried by pressing them between folds of blotting-paper. 

2. Place a few crystals of hydrogen oxalate in a test-tube 
and heat them slowly. The salt will melt and the greater part 
will sublime unaltered if the heat is carefully applied. 

3. Pour some strong hydrogen sulphate on a few crystals 
of hydrogen oxalate in another test-tube, and heat the mixture. 
Carbon dioxide and carbon protoxide will be given off with 
effervescence. (Compare the method of making carbon prot- 
oxide, given in p. 96.) The latter gas will bum with its charac- 
teristic blue flame if a lighted match be held to the mouth of 
the tube ; the presence of the former gas may be shown by 
holding a glass tube dipped in lime water within the test-tube 

(P- 159)- 

[For the following experiments a solution of ammonium oxalate 
may be used, containing i grm. of the salt in 30 c.c. of water.] 

4. Place a little manganese dioxide in a test-tube, add 
enough water to cover it, and then a few drops of strong 
hydrogen sulphate. If there should be any effervescence (man- 
ganese dioxide sometimes contains carbonates) wait until this 
has ceased, and then add a few drops of a solution of ammo- 
nium oxalate. Carbon dioxide will now be given off, and may 
be tested for with lime water, as above. 

5. Fill a test-tube about one-third full of solution of am- 
monium oxalate, heat it nearly to boiling, and add a few drops 
of solution of calcium chloride. A white precipitate of calcium 
oxalate will be produced. Add more calcium chloride until no 
more precipitate is formed, and pour off a few drops of the 
mixture in which the precipitate is suspended into two other 
test-tubes. Add to one portion a little hydrogen acetate; the 
precipitate will remain undissolved. To the other portion add 
some dilute hydrogen chloride ; the precipitate will dissolve 
without effervescence. The rest of the liquid containing the 
calcium oxalate should be boiled and filtered^; the precipitate 

^ There may be a little difficulty in doing this ; since the caldum oxalate 
is^in such a finely divided condition that it will pass through the pores of 
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should be washed on the filter by pouring a gentle stream of 

water on it from the washing bottle, and then left to drain for 

a short time. The damp filter should be cautiously taken out 

of the funnel, placed on a few folds of blotting-paper, and 

carefully spread open ; it may then be left to dry in a warm 

place. When dry the calcium oxalate may be easily detached 

from the filter and placed in a test-tube. The white mass will, 

oix being heated over a lamp, become grey at a temperature 

jixst below redness, but on continuing the heat it will if pure 

come nearly white again. If a little dilute hydrogen chloride 

poured on the residue an effervescence will take place, 

carbon dioxide being given off. The calcium oxalate has been 

decomposed by the heat into calcium carbonate and carbon 

protoxide ^ 



CYAXrOGEN AND CYANIDES. 

[This gas and its compounds are very poisonous, and great care 
*s necessary in experimenting upon them. The experiments should 
^ performed in a well-ventilated room, before an open window, 
^x* in the open air, and only small quantities of the substances should 
^used.] 

I. Dissolve 1.5 grm. of silver nitrate and 0.5 grm. of potas- 
sium cj^nide in separate portions (about 10 c.c.) of water, and 
^d the latter solution to the former. A white precipitate of 
silver cyanide will be produced. Pour off small portions of the 
wquid in which the precipitate is suspended into two test-tubes ; 
u\ '^1 add to one a few drops of ammonia, which will readily dissolve 
the precipitate ; allow the precipitate in the other tube to sub- 
^de, pour off the liquid, retaining the precipitate in the test- 
^be, and boil the latter with some strong hydrogen nitrate. 
The silver cyanide ^vill be slowly decomposed and dissolved by 
the acid. 

i*^ary filtering paper. The difficulty is less when the precipitate is formed 
^ a hot solution : but if the filtrate is still turbid, after being passed two or 
^ times through the same filter, it will be best to use a filter made of 
Swedish paper, which is of very close texture. 
'CaCa-CaCO, + C0. 

M 2 



t 

I - 



l64 EZAMlNATtON OF PROPERTIES- OF 

The main porlion of the silver cyanide is nest to be filtered 
washed, and dried {in the same manner as the calcium oxalate 
p. i6z). When perfectly dry place some of it in a small lest 
tube and apply heat. It will be decomposed, and cyanogei 
gas will be given off, which may be recognised by its smell, a 
will bum with a fine purple flame if a lighted match be held td 
the mouth of the tube. The black residue in the lube coniaim 
a part of the cyanogen in combination with die silver, s 
paracyanide. 

[For the two following experiments a dilute solution of p 
cyanide made by dissolving 0.5 grm, of the salt In loo c. c of w 
may be used.] 

2. Four a little of the soludon of potassium cyanide into i 
test-tube and add a few drops of solution of iron protosulphaie, 
and then about the same quantity of solution of potassum 
hydrate, which will produce a bluish groen precipitate. Alto 
slightly warming the mkture add excess of dilute hydrogeg 
chloride, which will leave a deep blue precipitate of iron ftnft 
cyanide or Prussian blue. 

3. Add one or two drops of yellow ammonium sulphide an 
a litde ammonia to a very dilute solution of potassium cyanidi 
in a small porcelain dish. Evaporate the mixture just % 
dryness ; then add a little water and several drops of dilot 
hydrogen chloride, and lastly one drop of solution of li 
perchloride. A deep red solution will be obtained, previa 
that a sulphocyanate has been formed by the action of a) 
nium sulphide on potassium cyanide, which forms a deep a 
salt with iron. 

4. Heat a little solid potassium cyanide in a porcclai 
crucible, or iron spoon, over a Bunsen's burner or a gas h](fi 
pipe. The salt will fuse at a low red-heat ; when it i 
calm fusion, drop into it by degrees about one-half the q 
tity of dry lead protoxide and increase the heat to full rednei 
stirring the mixture with an iron wire. The potassium cyan! 
combines with the oxygen of the lead oxide, forming [ 

1 cyanate, while the lead separates in the metallic tot 
and wUi be found under the tusei \^^eT of salt when the Iw 
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contents of the crucible are poured out on a piece of iron 
a plate. When cold, the mass may be warmed with water 
a beaker, when the globule of lead will be left imdissolved. If 
dilute hydrogen chloride be added to the solution of potassium 
cyanate thus obtained, the salt is decomposed ; carbon dioxide 
escapes with effervescence, while ammonium chloride is formed 
in the solution ^ The presence of ammonia may be shown by 
gl-ontly warming a little of the solution with some quicklime 
in. a beaker, when free ammonia will be given off and may 
l>e recognised by its smell and its action on reddened litmus- 
paper (see p. 156). 



CHLOBIDES. 

(For the general properties of hydrogen chloride, see p. 103.) 

- [A solution of sodium chloride containing 0.5 grm. of the salt in 
40 ex. of water may be used.] 

I, Mix about 3 c.c. of strong hydrogen chloride with one-third 

its volume of strong hydrogen nitrate in a test-tube, and warm 

gently. The fluid will become yellow, and will give off an 

Qraage gas, smelling like a chlorine oxide : if scraps of platinum 

foil, or bits of gold-leaf, are thrown into the mixture they will 

be readily dissolved. Nitryl chloride (the orange gas) and free 

chlorine are formed in the reaction, the latter of which at the 

i&oment of its formation acts on metals with more than its 

Usual energy. This mixture of acids is called *aqua regia' 

(an old alchemical name), and is used as a convenient source 

of chlorine for dissolving gold and platinum. 

3. Add a few drops of solution of silver nitrate to a little 

t I'f solution of sodium chloride in a test-tube, A white precipitate 

of alver chloride will be formed, which, on addition of a little 

etsM kydrogen nitrate and after thoroughly shaking the mixture, will 

cvr^l leadily separate in flocks, leaving the liquid almost clear. Pour 

pj:?B <€ the solution, shake up the precipitate with some fresh dis- 

' f:*B flled water, and again pour off the fluid, after allowing the 



IM 



* KCNO+2HCJ + H30=KCl + H4Na + COj. 
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precipitate to subside. Silver chloride is one of the eaMed 
substances to wash thus, by decanlation. Now pour some 
ammonia upon the precipitate and shake it up ; it will readily 
dissolve, but will again be thrown down on addition of hydrogen 
nitrate to the ammoniacal solution. 

3. Pour a few drops of solution of sodium chloride uponiJillie 
> manganese dioxide in a rather wide test-Cube and add enougli 
Strong hydrogen sulphate to cover the mixture. On waraiiiig ' 
it gently chlorine will be evolved, which may be recognised bf 
its smell, its colour (best seen by looking across the tube plartd , 
against a sheet of white paper), and its action on a slip of mffiS ' 
litmns-paper held in the tube, which will be first reddened, ihea 
bleached 



CHLORINE OXIDES AJSU HYDRATES. 

I, Set up an apparatus for generating chlorine, as described H 
3. log, and pass a stream of the gas through a moderately H 
strong solution of potassium hydrate in a beaker or large test- 1 
tube, keeping the solution cool by placing it in a dish of water. I 
When the gas has passed through the solution for about two I 
mtes, pour off about one-third of the liquid, and reserve ■ 
it for experiments. Saturate the remainder of the solution wiA I 
chlorine, no longer cooling it, but on the contrary keeping it I 
nearly boiling by a lamp. While the saturation is proceedii^, ■ 
you may examine the properties of that portion of the soludoofl 
which you have reserved, which will contain potassium bypo-fl 
chlorite and chloride. It will be found to have a peculiar swcefl 
chlorous smell, very different from that of chlorine itself. I 

[If there is not time for the aliove experiment, the student ww^B 

take for the following reactions a solution containing calcium hnxrifl 

chlorite (made by shaking up a little bleaching powder with col<A 

water and filtering the solution) instead of potassium hypochloritej I 

(a) Pour a little of the solution into a test-tube and adifl 

L a drop of solution of indigo, and warm gently. The colour of ■ 

Vthe litmus will be discha^rged. I 
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{h) Acidify a weak solution of potassium iodide (see p. 174, 
Experiment 7) with dilute hydrogen sulphate (which should pro- 
duce no colouration if the iodide is pure), and add one drop of 
tie potassium hypochlorite. Iodine will be liberated, the solu- 
tion becoming yellow, and giving a deep blue colour if a fresh 
solution of starch or arrowroot is added (compare p. 174). 

(c) Add some solution of lead acetate to another portion 
of potassium hypochlorite. A white precipitate of lead hypo- 
chlorite will first be formed; which will, however, soon turn 
brown, especially if warmed, owing to the formation of lead 
dioxide. 

2. Place a little ordinary bleaching powder at the bottom 
of a large test-tube, and pour on it some strong hydrogen 
chloride. A violent action will take place, and a greenish 
yellow gas will fill the tube, which may be proved to be chlorine 
l)y its odour and bleaching action on litmus-paper. 

3. When the potash solution is thoroughly saturated with 
chlorine ^, filter it, pour it into a porcelain dish and evaporate 
it to one-half its bulk. Flat rhombic plates of potassium chlorate 
^ be formed as the solution cools. These may be drained 
^om the liquid, washed with a little water, and left to dry in 
a funnel. The liquid drained from the crystals will contain 
much potassium chloride, as may be proved by testing it with 
silver nitrate. 

4. Pour about 2 c.c. of strong hydrogen sulphate into a test- 
tube, drop it into a small crystal of potassium chlorate and place 
it in a beaker containing a little warm water. The liquid will 
become deep orange, and a greenish yellow gas (chlorine 
tetroxide) will fill the tube. Bend a piece of copper wire, about 
30 cm. long, at right angles, heat one end of it in a spirit lamp, 
and plunge it while hot into the gas in the test-tube. The gas 
^ decompose with slight explosion, and its greenish yellow 
colour will almost instantly disappear, owing to the formation 
of chlorine, the colour of which is less intense, and oxygen. 

* The cessation of an effervescence, which occurs towards the end of the 
Inaction, and is due to the decomposition of the carbonate always present 
in oidinaiy potassiiun hydrate, will serve to mark this poml. 
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5. Nearly fill a large wine-glass or beaker with water, and 
drop into it a few cr}'Stals of potassium chlorate, which will 
sink to the bottom without much loss, as the salt is not very 
soluble in water. Drop upon the crystals one or two bits of 
phosphorus about as large as a pea, and support a tube funnel 
over the glass in such a position that the extremity of the tube 
may just touch the crystals at the bottom of the glass. Now 
pour down the funnel 2 or 3 c.c. of strong hydrogen sulphate ; 
chlorine tetroxide will be evolved when the acid comes in con- 
tact with the potassium chlorate, and the phosphorus will take 
fire, as in chlorine gas, and burn underneath the water. 

This experiment is perfectly safe, if performed with small 
quantities of potassium chlorate and phosphorus. Larger 
quantities than are above indicated should on no account be 
used. 

6. Dissolve i grm. of pure potassiiun chlorate in 40 c.c. of 
water, and try the following experiments with separate portions 
of the solution in test-tubes : — 

(a) To one add a drop of solution of silver nitrate. No pre- 
cipitate will be produced as in the case of the chloride, since 
silver chlorate (as indeed every other chlorate) is soluble in 
water ^. 

(d) To another portion add a drop of solution of indigo 
sulphate, and boil. The colour of the indigo is discharged. 

(c) To a third portion add solution of indigo as above, aind 
then a few drops of solution of hydrogen sulphite (or, what is 
equivalent, a solution of sodium sulphite acidified with hydrogen 
sulphate), which has been previously coloured with the same 
solution of indigo. The colour of the indigo disappears at 
once, even in the cold, owing to the reduction of the hydrogen 
chlorate, with formation of lower and more unstable chlorine 
compounds. This reaction serves to distinguish a chlorate 
from a nitrate, since the latter will not under the same con- 
ditions bleach indigo at once. The experiment should be 

^ Commercial potassium chlorate generally contains a trace of chloride, 
suffjcient to give a turbidity with silver nitrate, but it maybe readily purified 
by dissolving in as little hot water as possVbVe. aivd le-crystallising. 
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repeated, using a solution of potassium nitrate instead of potas- 
sium chlorate, to prove this fact. 

7. Place a few crystals of potassium chlorate in a dry test- 
tube, supported in a slanting position in a Bunsen's holder, and 
apply heat. The salt will fuse into a liquid, and at a tempera- 
ture just above its melting-point, will give off a gas, with 
eflfervescence, which may be shown to be oxygen by its power 
of re-kindling a glowing match introduced into the tube. 
Continue heating the salt for a minute or two, then remove the 
lamp, and when the fused mass in the tube is cool, warm it with 
a little water, and test the solution with a drop of silver nitrate. 
A dense white precipitate will now be produced, insoluble in 
hydrogen nitrate, but soluble in ammonia. The chlorate, by 
the loss of oxygen, has been reduced to chloride. 



BBOMINS. 



Mix together in a mortar about i grm. of manganese dioxide 

with a small crystal of potassium bromide. Transfer the mixture 

to a clean dry test-tube and pour on it sufficient strong hydrogen 

sulphate to cover it. On applying a gentle heat by some hot 

• sand, the tube will be filled with deep red vapours of bromine, 

which will condense in the neck of the tube as a dark liquid. 

It will not be necessary to collect any of the liquid, which is 

extremely corrosive and poisonous, while its vapour is even 

more irritating than chlorine itself. The tube should be taken 

into the open air as soon as the experiment is performed. 



BBOMIDSS. 

[A solution of potassium bromide, containing i grm. of the salt 
dissolved in 40 c.c. of water may be used.] 

I. Add a few drops of chlorine water to some solution of 
potassium bromide in a test-tube. The bromine will be dis- 
placed by the chlorine from its combination >N\t.lv ^o\3i^^\\3crci, 
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and will dissolve in the excess of potassium bromide, colourin 
the solution yellow. 

Now add a small quantity of carbon disulphide or chlorc 
form, shake the mixture, and allow it to stand for a f<e 
moments in order that the scattered particles of the carhK: 
disulphide may collect at the bottom of the tube in one globixl 
which will be found to have acquired an orange tint, while XY 
fluid above it will be colourless. The bromine has been witi 
drawn entirely from the solution by the carbon disulphide, i 
which it is very soluble. Pour off the upper stratum of fluic 
fill up the test-tube with water, and again pour it off ; then adc 
some solution of potassium hydrate, shake it up, and allow ii 
to stand as before. The globule of carbon disulphide will have 
lost its colour, the bromine having acted upon the potassium 
hydrate, to form potassium bromide and bromate. (Compare 
the action of chlorine on potassium hydrate, p. 166 ^) 

2. Add a drop of solution of silver nitrate to solution of 
potassium bromide. A yellowish white precipitate of silver 
bromide will be formed. Divide the liquid in which the pre- 
cipitate is suspended into two parts ; add to the one some 
hydrogen nitrate ; the precipitate will not dissolve. To the 
other portion add some ammonia ; the precipitate will dissolve 
by degrees, but not so readily as silver chloride. 



IODINE. 

1. Repeat the experiment on the previous page, which illus- 
trates the formation of bromine, substituting potassium iodide 
for potassium bromide. Deep violet vapours of iodine will be 
formed, and will condense in the upper part of the tube in 
rhombic plates, the form of which may be readily made out 
with a small magnifying glass. Very fine crystals of iodine are 
often formed, by spontaneous sublimation on the stopper of a 
bottle containing it. 

2. Put a small piece of carefully dried phosphorus on a plate, 

* If carbon disulphide is not at hand, either will serve the purpose, as * 
will form a coloured stratum on l\ie toip oi l\ve ti.ci^^av3& solution. 
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and place on it a crystal- or two of iodine. In a few moments 
the two bodies Will combine, and will inflame from the heat 
produced by their imion. 

3. Pour about i c.c. of a solution of potassium iodide into 
a test-tube and add a small crystal of iodine, which will readily 
dissolve, forming an orange-red liquid. Pour a few drops of 
the solution into a test-glass or beaker, and dilute it with about 
200 c.c. of water. Add to it 8 or 10 c.c. of a freshly made 
solution of starch, and stir with a glass rod. A deep blue colour 
vill be formed even in so highly dilute a solution of iodine ; 
a reaction which is very delicate and characteristic. Pour a 
little of the blue solution into a test-tube, and heat it nearly 
to boiling. The blue colour will disappear, but will again 
become apparent when the solution cools. Hence in testing 
for iodine by this method care must be taken that the liquid 
is cold. The starch solution, moreover, must be freshly made ; 
since afler a time it loses the property of forming a blue 
compound with iodine, probably owing to its conversion into 
dextrine. 

4. Place a few crystals of iodine in a test-tube, pour over 
them about 5 or 6 c.c. of water, and shake the mixture. You 
will find that iodine is scarcely soluble in cold water, but enough 
will dissolve to colour the liquid pale yellow, and to give the 
blue colour when poured into another tube and tested with 
solution of starch. After pouring off the solution from the 
nndissolved iodine, add to the latter 2 or 3 c.c. of alcohol, and 
observe that the substance readily dissolves, forming a dark red 
solution. Add to this four or five times its volume of water ; 
the iodine will be almost wholly precipitated as a black powder. 
We have seen in the preceding experiment that it is not thus 
precipitated on dilution from the solution in potassium iodide. 



• IODIDES. 



5- Place a crystal of potassium iodide in a test-tube, pour 
^ it some strong hydrogen sulphate, and Vveat ^evvvVj, k 'gajs. 
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will be given off which forms white fumes in the air, lik6 
hydrogen chloride, but it will be mixed with violet vapours 
of iodine, resulting from the decomposition of a part of the 
hydrogen iodide by the hydrogen sulphate, sulphur dioxide, 
water, and iodine being formed. Hence it is not possible to 
obtain hydrogen iodide, as we obtained hydrogen chloride, by 
decomposing an iodide by hydrogen sulphate. To obtain 
the gas we must have recourse to the decomposition of phos- 
phorus iodide by water. We have seen, from Experiment 3, 
that the union of phosphorus and iodine takes place readily, 
but with a violence which is not easy to control. Nevertheless 
hydrogen iodide may be made without much danger by this 
method, if care be taken to add the phosphorus little by little 
to a large excess of iodine. The following modification of 
the process is much to be preferred, when the allotropic form 
of phosphorus, called red or amorphous phosphorus, can be 
obtained, since the action of red phosphorus on iodine is much 
less violent than that of ordinary phosphorus. (For the Jtfo- 
perties of red phosphorus, see p. 183.) 

Take a large test-tube, about 2 cm. in diameter and 15 or 
16 cm. in length; adapt to it a cork fitted with an elbow tube 
and right-angled delivery tube connected by a cork joint, such 
as was used in the preparation of carbon dioxide, p. 92, and 
support it in an inclined position in a Bunsen's holder thus, 

Fig. 47- 

Weigh out 0.5 grm. of red phosphorus, grind it (if necessary) 

with care to a coarse powder in a mortar, covering it with 

water while crushing it with the pestle, in case any small par- 

tides of ordinary phosphorus may be present which might 

inflame by the friction and set the whole mass on fire ; then 

pour off the water and transfer the moist powder to the test' 

tube. Pour upon it i c.c. of water, and then add little by little 

6 grms. of iodine, cooling the mixture as soon as the action 

begins, by dipping it into a beaker of cold water. Finally, 

replace the cork with delivery tube, and re-adjust the ap^ 

paratus in the holder, placing under the end of the delivery 

tube a small wide-mouthed bottle, covered with a card. Not^ 



htat the misture in the test-tube very carefully with a lamp, 
undl the gas is evolved '. The mixture Trotlis up a little at 
lirsi, but there is no explosive action, and ihe gas will 




Fig. S>- 



soon pass over into the bottle. From its ^eat density it 
may most readily be collected by downward displacement, its 
position in the bottle being tested, as in the case of hydro- 
Ken chloride, by a lighted taper (see p, 103). Three small 
IxitUes should be filled with the gas, the flame of the lamp 
l*ing just waved imder the test-tube if the evolution of gas 
Incomes slow. 

e following properties of the gas may now be observed : — 

9 It extinguishes the flame of a lighted taper, and is not 

^ combustible, 

f) ll reddens a piece of moisleneS blue litmus-paper. 
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(c) It is very soluble in water, and fumes in moist air. 

In all these properties it resembles hydrogen chloride, and 
the experiments may be performed in the same way as with 
the latter gas (p. 104). The following property, however, serves 
to distinguish it from hydrogen chloride. 

(d) It is readily decomposed by chlorine. 

Place in a test-tube a little manganese dioxide and add some 
strong hydrogen chloride. On heating the mixture chlorine 
will be evolved and will fill the tube. Bring the mouth of the 
tube close to the mouth of one of the bottles of hydrogen 
iodide placed on a sheet of white paper, and take out the 
stopper. The chlorine will gradually pass into the bottle and 
violet vapours of iodine will be formed from the decomposition 
of the gas. An excess of chlorine must be avoided, and the 
experiment will be more striking if the gases are diluted with 
air, as may be done by allowing them to pour simultaneously 
into a large empty bottle. 

After the experiment, wash out the test-tube containing the 
chlorine with plenty of water, that the gas may not escape 
unnecessarily into the room. 

6. Pour a few drops of solution of potassium iodide (con- 
taining I grm. of the salt dissolved in 30 c.c. of water) into 
a test-tube, dilute with water, and add one or two drops of 
solution of silver nitrate. A yellow precipitate of silver iodide 
will form, which should be divided into two portions. To the 
one add some dilute hydrogen nitrate, which will fail to dissolve 
it; to the other add excess of ammonia, which will also fail 
to dissolve it. It is, however, readily soluble in excess of 
potassium iodide and sparingly so in excess of silver nitrate. 

7. Add one drop of weak chlorine water to a very dilute 
solution of potassium iodide (about 3 drops of the solution to 
10 c.c. of water). Iodine will be liberated and will colour the 
solution yellow. On addition of 2 or 3 c.c. of solution of 
starch, the characteristic deep blue compound will be formed. 
Now add some stronger -chlorine water, and notice that the 
starch reaction will entirely disappear, owing to the formation 
of a coJourless iodine chloride which does not act upon starch. 
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Hence in testing for iodine iL is important not to use an excess 
of chlorine. It is, in fact, best not to use chlorine at all for 
the purpose of liberating iodine, but hydrogen nitrite, as de- 
scribed in the next experiment. 

8, Add a few drops of hydrogen sulphate Co a very dilute 
(see last experiment) solution of potassium iodide, and then 
a small quantity of a recently-made solution of potassium 
niirite. Shake up the yellow solution with a little carbon 
disulphide, and allow it to stand for a minute. The carbon 
disnlphide will be found to have withdrawn the iodine from 
the solution, collectings into a deep purple globule at the bottom 
of the tube. Repeat the similar experiment with bromine, 
given at p. 169, and compare the colours of the two globules, 
the bromine imparting a bright orange, the iodine a fine purple 
colour to the carbon disulphide. Notice also that potassium 
nitrite will not decompose hydrogen bromide, but that chlorine 
water must be used for the purpose. If some chlorine water 
is added to the contents of both tubes, and the mixture shaken 
and again allowed to settle, the globule containing iodine will 
be found to have lost its colour, while the globule containing 
bromine remains unchanged. 



FLtJOElNE. 
I. Make a small leaden cup, by turning up the edges of a 
circular piece of thin sheet lead, about 7 or 8 cm. in diameter. 
This is conveniently effected by placing the piece of lead in a 
mortar just large enough to hold it, and pressing forcibly on its 
cenire with the pestle, so as to mould it to the shape of the inte- 
rior of the mortar. If you have a platinum crucible, or a leaden 
ink-well, this will serve the purpose of the following experiment 
sven better. Now take a piece of sheet glass, about 6 cm. in dia- 
fflcier (or a watch-glass), warm it before the fire or over a lamp, 
ini when it is thoroughly hot, rub over it a piece of bees' -wax, 
^d incline [he plate in different directions, so tiviX i.Ve tne^Xti 
"ar may run over it and form an even coaling, 'Sse.V ■\X "Ci? 
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the prismatic crystals lose their transparency, and are spon- 
taneously converted into aggregations of minute octohedra. 

3. Put about 20 grms. of roll sulphur into a large test-tube, 
support it over a lamp in the retort-stand, placing a piece 
of wire-gauze under it. While it is being gently heated, fill 
a jug with cold water, and place in it mouth downwards one 
of the largest funnels you have. The sulphur will first melt to 
a clear pale-yellow fluid, almost as mobile as water, but as the 
temperature rises higher it will darken in colour and become 
thicker and thicker, until it has so far lost its fluidity that the 
test-tube may be inverted for a moment without spilling any of 
it. When the heat is further raised it becomes again fluid, but 
not so much so as at first. When it has reached this point, 
take hold of the test-tube with a cloth, and pour its contents 
in a thin stream into the cold water, immediately round the 
stem of the funnel By being thus suddenly cooled, the sulphur 
will be preserved in the allotropic condition into which it has 
been converted by heat, and on lifting the funnel out of the 
water, the threads of sulphur which surround it will be found 
to be semi-transparent, soft, almost as elastic as india-rubber, 
and scarcely soluble in carbon disulphide. If the residue in the 
test-tube be watched as it cools, it will be seen to undergo the 
same changes as when it was being heated, but in a reverse 
order, becoming thick, then losing its dark colour and be- 
coming fluid again, and finally solidifying to a yellow, crystal- 
line, brittle mass. It may be heated just above its melting- 
point and suddenly cooled by pouring it into the cold water 
without undergoing any change of properties. It is only when 
the temperature has been raised nearly to its boiUng-point that 
the above modification, called 'plastic sulphur,' is obtained. 
The elastic threads should be dried with a cloth, and put aside 
in a bottle. In a few days they will be found to have lost both 
their transparency and their plasticity, but will still be in a great 
measure insoluble in carbon disulphide. 

4. Heat a little more sulphur in the tube used in the last 
experiment; raise the temperature until it boils, and the tube 
IS GUed with the brownish vapours. Now immerse in the tube 
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a close spiral of very thin copper wire, so that the end of the 
spiral may nearly touch the surface of the boiling sulphur. The 
wire will bum in the sulphur vapour with incandescence, and 
be converted into a brittle sulphide. 

5. Mix about i gnn. of iron filings with an equal weight of 
solphur, and heat it quickly in a test-tube, until combination 
takes place with low incandescence. Allow the tube to cool, 
detach the bronze-coloured friable mass of iron sulphitie with 
a gkss rod, transfer it to another tube, and pour a little dilute 
hydrogen sulphate upon it. Effervescence will take place owing 
lo the evolution of a gas, which will be recognised by its smell 
to be hydrogen sulphide. Hold a slip of blotting-paper made 
liamp, not wet, with a solution of lead acetate, in the mouth of 
tlic tube ; it will be at once blackened, owing to the formation 
oficad sulphide. The gas may be kindled at the mouth of the 
lube, and will burn widi a blue flame. 

6. Powder a small fragment of iron pyrites in a mortar and 
place it in a small hard glass tube sealed at one end (Fig. zj). 
Heat it to redness in the lamp-flame, and notice that a yellow- 
ish brown sublimate of sulphur is formed in the cool part of 
the tube. It may be proved to be sulphur by cutting off the 
sealed end of the lube (which may be effected by touching it 
while still hot with a drop of water) and heating the sublimate 
gently while the tube is held obliquely so that a current of air 
may rise through it. The sulphur will be oxidised to sul- 
phur dioxide, which may be recognised by its odour and by 
its acid reaction on a piece of moist blue litmus-paper held at 
the upper end of the tube. 

7, Mix another small portion of powdered iron pyrites with 
an equal quantity of sodium carbonate ; fuse the mixture on 
a piece of porcelain, pour a little water on the residue and 
warm it ; then dip a bright silver coin into the solution. The 
silver will he stained black, owing to the formation of a super- 
ficial coat of silver sulphide. 
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SUIiFHUB DIOXIDE. 

The properties of this substance are given at p. in. 



SITIiFHITES. 



[A solution of sodium sulphite containing i grm. of the salt dis- 
solved in 40 c.c. of water may be used.] 

1. Add a few drops of strong hydrogen sulphate to a litfle 
of the solution of sodium sulphite placed in a test-tube. Sul- 
phur dioxide will be given off, and may be recognised by its 
smell. If a slip of paper moistened with solution of lead 
acetate is held within the tube it will not be altered in colour. 
Now drop in a fragment of granulated zinc; the hydrogei 
produced will decompose the sulphur dioxide, forming water 
and hydrogen sulphide ^, which latter gas will be recognised by 
its smell, as well as by its action on the lead acetate. 

2. Acidify a little of a very dilute solution of potassium 
iodide with hydrogen chloride, and add one drop of chlorine 
water, or of solution of potassium nitrite in order to liberate 
iodine, which, on addition of some solution of starch, will give 
a deep blue solution (p. 174). Add to this a few drops of 
solution of sodium sulphite; the solution will immediatdj 
become colourless, the iodine being converted into hydrogen 
iodide *. 

In Experiment i we removed oxygen from sulphur dioxide, 
while in Experiment 2 we have effected a reverse change, and 
have added oxygen to it. This latter is the change whidi 
sulphur dioxide, in presence of water, is most prone to undergo, 
and it is, on this account, a very useful reducing agent for 
laboratory purposes. 

* The general nature of t\ke dvan^eVs ^o^?m\Tk.^^l^a79vw^^RSQ^^ 
I, + H»0 + H,SO, - a^\ ^ ^^^C^v 
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HYPOSUIjPHITBS. 

[A solution of sodium hyposulphite containing i grm. of the 
salt in 20 c.c. of water may be used.] 

1. Add to a portion of the solution of sodium hyposulphite 
a few drops of dilute hydrogen chloride. The solution will 
almost immediately become turbid, owing to precipitation of 
sulphur, while sulphur dioxide is given off. 

2. To another portion of the solution add some solution of 
silver nitrate. A precipitate is produced (soluble in excess 
of the hyposulphite), which is at the first moment white, but 
lapidly becomes yellow, brown, and finally black. These 
changes are due to the instability of the silver hyposulphite 
^hich is first precipitated; in presence of water it is rapidly 
converted into silver sulphide*. 



SUIiFHATES. 



I. Place about 30 c.c. of water in a dish or beaker, and add 
to it quickly an equal volume of strong (common) hydrogen 
sulphate. The heat evolved by the union of the acid and the 
water is very great, as has been before noticed (p. 88), and if 
a little alcohol (or even water) is placed in a test-tube and 
immersed in the liquid, it will soon boil. A white turbidity 
will, in all probability, be produced in the diluted acid: this 
consists of lead sulphate (an impurity always present in the 
common acid, and derived from the lead cisterns used in its 
nianufacture) which is soluble in the strong acid, but is thrown 
down on dilution. Add another 30 c.c. of water, and leave the 
liquid to cool, and the precipitate to settle. The clear solution 
may then be poured oflF and used in Experiments 3 and 4. 
Any that remains should be reserved for galvanic batteries and 
for other uses. 

* AgaSaO, + H,0 = Ag^S + H»SOv 
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2. Dissolve sufficient white sugar in 20 c.c. of water to fori 
a thick syrup, place it in a beaker standing on a plate, add % 
it an equal volume of strong hydrogen sulphate, and stir th 
mixture. It will become hot and blacken, and will finally sw« 
up into a porous pasty mass of charcoal. Sugar may ■ 
regarded as a combination of water and carbon, and hydrog^ 
sulphate has so strong an affinity for water that it withdra'^ 
it from combination, leaving the 'carbon. 

3. Place about 10 c.c. of water in a test-tube and add c^ 
drop of dilute hydrogen sulphate. On addition of solution- 
barium chloride a white precipitate of barium sulphate will 
formed (even in this dilute solution), which will not disso] 
on the addition of a little strong hydrogen chloride, even < 
boiling. 

4. Add a drop of solution of lead acetate to some very dilui 
' hydrogen sulphate in a test-tube. A white precipitate of lea( 

sulphate will be formed, insoluble in cold hydrogen chloride, 
but slowly decomposed by it on boiling. 

5. For a method of detecting a sulphate by its reduction 
by means of carbon with formation of a sulphide, see Experi- 
ment 12, p. 143. 



FHOSFHOBUS. 

[ It is hardly necessary to say that whenever phosphorus is to be 
used for an experiment, it must be handled with the greatest care, 
owing to the low temperature at which it catches fire. It should be 
cut under water and should never be touched by the fingers when 
dry ; a pair of crucible tongs being used to transfer it from one 
place to another. A jug of water should always be at hand, in case 
the phosphorus should, in spite of precautions, catch fire ^.] 

^ As the burns produced by phosphorus are usually severe and slow 
to heal, it may be worth mentioning that lint soaked in water containing 
a little common washing soda is the best application at first. After the 
hydrogen phosphate is by this means neutralised, nothing is better than 
lint soaked in a mixture of equal volumes of glycerine and water, the whole 
being covered, with oilskin to prevent evaporation. 
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1. Pkce a small fragment of phosphorus, carefully dried by 
blotting-paper, on a watch-glass, and float it on hot water in 
a basin. The phosphoras will melt and inflame spontaneously, 
giving off white fames of phosphorus pentoxide, and leaving 
a small, residue consisting of red phosphorus. 

2. Repeat the above experiment, using red phosphorus in- 
stead of ordinary phosphorus. Observe that the red phosphorus 
does not melt or catch fire at the heat of boiling water ; but if it 
is touched with a nearly red-hot wire it will inflame. 

* 3. Place about i c.c. of carbon disulphide in a test-tube, add 
a small fragment of dry phosphorus abbut half the size of a 
pea, and cork the tube. Leave it to digest for a few minutes, 
shaking it occasionally to promote the solution of the phos- 
phorus, then pour the clear solution obtained upon a piece 
of blotting-paper placed in a plate. The phosphorus will, as 
the carbon disulphide evaporates, be left in a state of fine 
division upon the paper; it will emit white fumes and will 
shortly catch fire and burn away. The paper itself will be 
found to be only superficially charred, owing to the protective 
action of the phosphorus pentoxide formed. 

4. Seal the end of a piece of glass tube about 5 mm. in 
diameter and 15 or 16 cm. in length. When it is cold, drop 
into it a small fragment of amorphous phosphorus and heat the 
latter gently ; notice that it will sublime without previous fusion, 
and will condense in the cool part of the tube in amber- 
coloured drops of ordinary phosphorus. 



HYPOPHOSPHITES. 



Place about 20 c.c. of lime water in a small beaker, add to 
it 0.5 grm. of powdered quicklime, then put in a piece of 
phosphorus about twice as large as a pea, and heat the solu- 
tion nearly, not quite, to boiling on the sand-bath for about 
ten minutes. Calcium hypophosphite will be formed^, while 

» 3CaH,0,+ 2P, + 6H,0 -3Ca(PH»0^\ -v 2^^^. 
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a gas, hydrogen phosphide, will be given off, which diffe 
from all the other gases which we have examined, as bein 
spontaneously inflammable in the air ; each bubble, as it ris^^^es 
to the surface of the liquid, catching fire and producing ^ 

white smojke-wreath of hydrogen phosphate. The experime^^- nt 
should be made in a draught-cupboard or in the open air, sin^^ ce 

hydrogen phosphide is an extremely poisonous and offensi~ ve 

gas. Allow the liquid to become quite cold, then decant ft 

into a test-tube, and fill up the beaker with water, to prev^^snt 
the remaining phosphorus from catching fire before it can be 
thrown away. Filter the liquid, render it slightly acid y^- itb 
dilute hydrogen sulphate, and examine it as follows : — 

1. Evaporate a portion to dryness, and heat the resic3ue 
more strongly. It will be decomposed into calcium phosptft.ate 
and hydrogen phosphide, the latter burning with a greenish 
flame. 

2. Add to another portion a drop or two of solution of 
copper sulphate (made by dissolving a small crystal of the 
salt in I or 2 c.c. of water), and heat the solution gradually 
to boiling. A yellow turbidity will at first appear, rapidly 
changing to a dull red precipitate of metallic copper*. 



■J 



PHOSPHATES. 






I. Place a small piece of carefully dried phosphorus on a 
plate, set fire to it with a match, and cover it with a deflagrating Wr^ 
jar, between the stopper and the neck of which a slip of card j^in 
has been inserted, to prevent the stopper from becoming fixed 
in its place. Dense white fumes of phosphorus pentoxide will 
be formed, and will be deposited partly on the sides of the jaTi W'^J^ 
partly on the plate. Remove the jar and scrape together, with l^-ia 



( 



fsnn 



^ This reaction serves to distinguish hypophosphites from phosphite* Mm. 

and phosphates, neither of which latter reduce copper salts. 'Hie yellow m f^^ 

substance formed at first is copper hydride, and is one of the few example S ' 

of the combination of a metal with hydrogen. w ^ 
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a spatula, the snow-white powder on the plate. Pour a few 
drops of water upon it ; it will hiss like a red-hot iron from 
the intensity of the combination, and a solution of hydrogen 
phosphate will be formed. A piece of blue litmus-paper 
dipped into the solution will be at once reddened. Notice 
also that the phosphorus pentoxide deposited on the sides of 
the jar will, after a few minutes exposure to the air, deliquesce 
into an oily liquid. From its affinity for water, which has been 
thus illustrated, phosphorus pentoxide is one of the most 
efficient substances for drying gases. Rinse the contents of 
the jar and the plate into a beaker, and evaporate it until 
the liquid becomes syrupy, then add a little more water, and 
l)oil the solution again for a short time ; finally, add solution 
of sodium carbonate until the addition of it no longer pro- 
<luces effervescence and the liquid is neutral to test-paper. 
Tou have now a solution of sodium orthophosphate to which 
the following tests may be applied : — 

(a) Place a small portion in a test-tube, and add a drop 
of solution of silver nitrate. A canary-yellow precipitate will 
be fomied. Pour off one half of the fluid in which the pre- 
cipitate is suspended into another test-tube, and add a few 
drops of dilute hydrogen nitrate ; to the remaining half add the 
same quantity of ammonia ; in both cases the precipitate will 
he redissolved. 

(b) To another portion add a few drops of solution of 
ammonium chloride, then a little ammonia, and test it with 
a drop of solution of magnesium sulphate. A white crystal- 
line precipitate of magnesium and ammonium phosphate will 
te fomied, which will readily dissolve in dilute hydrogen 
nitrate. 

(c) Pour some solution of ammonium molybdate, acidified 
^th hydrogen nitrate, into a test-tube, and add a drop or two 
of sodium phosphate. The solution will become yellow, and 
on warming it (it should not be boiled) a yellow precipitate 
will fall. 

(d) Acidify another portion with hydrogen acetate and add 
a few drops of solution of albumen. No change beyorvd z. 
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slight opalescence will be produced, since albumen is not 
coagulated by hydrogen orthophosphate. 

2. Dissolve a crystal of sodium and hydrogen phosptiate 
(the ordinary * phosphate of soda ') in a little water, and apply 
tests dj by and d to the solution. StmDar results to those given 
above will be obtained. Now place a few crystals of the same 
salt in a porcelain crucible, and heat it to redness. The salt 
will first melt, then give oflf water, and finally will leave a white 
earthy-looking residue ^ ; this should be dissolved in cold water, 
and tested with the same tests as the original salt. 

(a) A white granular precipitate of silver pyrophosphate will 
be obtained, soluble in hydrogen nitrate and ammonia. 

{b) A white precipitate will fall, which is soluble in excess of 
the magnesium sulphate, but reprecipitated on boiling. 

{c) The result will be the same as with the orthophosphate. 

3. Repeat Experiment 2, using sodium-ammonium-and- 
hydrogen phosphate (* microcosmic salt'). The salt will give 
oflf ammonia and water, and leave a transparent glassy residue 
of sodium metaphosphate ^, which on being tested as above 
will give the following reactions: — 1 

{a) A white precipitate. 

{b) No precipitate, if enough ammonium chloride has been 
previously added. 

{d) A white precipitate of coagulated albumen will form 
at once. 

This last test is especially characteristic of hydrogen meta- 
phosphate. 

4. Add a few drops of hydrogen nitrate to some of the 
solution either of sodiiun pyrophosphate or of sodium meta- 
phosphate, and boil for ten minutes in a beaker. Hydrogen 
orthophosphate will be reproduced, as may be proved by the 
above tests. 

^ The change may be expressed by the following equation — 

2Na2PH04 « HaO + Na*?,©,. 
The resultmg salt is called sodium pyrophosphate, owing to its being od* 
tained by the action of heat upon the orthophosphate. 

2 Na(H4N)HP04= H,0 + H3N + NaPO,. 



BORATES AND SILICATES. 



1 1. Make a concentrated solution of sodium diborate (boras) 
V boiling about 8 grms. of the crystals with lo c.c. of water in a 
it-tube until no more is dissolved. Pour off the warm solution 
n the crystals, and add about half ifs volume of strong hydro- 
a chloride, and cool the mixture. Shining scales of hydrogen 
e will be precipitated, from which the solution of sodium 
iride may be decanted, and the crystals left lo drain on a 
rous tile. Meanwhile Experiments 3 and 4 may be proceeded 

e a little of the hydrogen borate obtained in the last 
lent on a piece of porcelain, or a piece of platinum foil 

Sit up to form a cup, and heat over a lamp. The crystals 
1 fuse, give off water, and leave a clear glassy residue of 

^on trioside. 
3. Place a very little sodium diborate in a porcelain dish, 
[ it with a few drops of strong hydrogen sulphate, then add 

»ut three times the volume of common alcohol, stir the mix- 
e with a glass rod and set fire to it. The edges of the flame 
1 be tinged yellowish green, owing to the presence of hydro- 
1 borate,- liberated by the action of the hydrogen sulphate, 
d volatilised in the alcohol vapour. 

little sodittm diborate in a watch-glass, add a few 

[ops of water, and then enougfh hydrogen chloride to mBke 
i soludon give an acid reaction to test-paper. Dip into the 
tution one-half of a slip of turmeric-paper, and dry it at a 

mtle heat, by holding it before the fire ; the dipped portion 
I] be coloured red. If a drop of sodium carbonate be placed 
reddened portion of the turmeric-paper, the colour will 

f changed to black. 



. 7fte best method of obtaining silicon, ficmie. m 1. ■^vise. 
e has steady been given, p. 119. 
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2. Heat a piece of flint to full redness in a common fire, an 
quench it suddenly in water. It will then form a white friab; 
mass, about i grm. (or rather less) of which should be groun 
to powder in a mortar, mixed with four times its weight < 
sodium carbonate ^, and fused in a platinimi cracible, or on 
piece of platinum foil turned up at the edges. A full red hea 
such as that of a gas blowpipe, will be required for the fusioi 
Pour a little water over the fused mass when it is cold, an 
boil it rather quickly over a lamp. By this means the who! 
of the sodium silicate may generally be detached from th 
crucible, and should then be boiled for some time in a beake 
You will thus obtain a solution of sodium silicate, similar t 
that which is called * soluble glass,' with which the followin 
experiments should be tried : — 

(a) Add a few drops of hydrogen chloride to a portion c 
the hot solution, in a test-tube. A dense gelatinous precipitat 
will be formed of hydrogen silicate, and, if the solution o 
sodium silicate is strong, the whole will appear to soUdify. I 
a very dilute solution is tested in the same way, no precipitat 
will be formed until a slight excess of ammonia has bee 
added. This causes the formation of ammonium chloride, i 
the presence of which hydrogen silicate is insoluble. 

(5) Place some dilute hydrogen chloride in a test-tube, an 
add drop by drop a little of the solution of sodium silicate 
which should be diluted, if strong. No permanent precipitate 
wilf now be formed, since the hydrogen silicate is retained in 
solution when thus formed in presence of an excess of acid. 

(c) Add a littie hydrogen chloride to a dilute solution of 
sodium silicate, and evaporate to complete dryness. Pour on 
the white residue some dilute hydrogen chloride, warm it, and 
notice that the silicon dioxide, which is formed, remains com- 
pletely undissolved. Decant the solution, dry the residue, and 
heat a small portion of it in a bead of sodium ammonium 



^ It is preferable to use a mixture of potassium and sodium carbonates 
(2.6 grms. of potassium carbonate with 2 grms. of sodium carbonate) if it 
is at hand; since this mixture fuses at a much lower temperature than 
sodium carbonate. 



SILVER. 189 

and hydrogen phosphate, made m a loop of platinum wire, in 
the same way as a borax bead, p. 140. The residue will float 
m the melted bead, without dissolving or altering in appear- 
ance. Another portion may be tested by fusion with sodium 
carbonate in a loop of platinum wire, p. 142, when a globule 
of clear glass will be obtained. 



[The student is recommended, before passing on to the study of 
the diflferent metals, to refer to the account of the course of analysis 
given at the commencement of Part II, and to practise himself in 
the analysis of single salts containing some one of the foregoing non- 
metallic radicles associated with an alkali-metal.] 

SILVEB. 

1. Place a piece of silver-leaf in a test-tube (this may be 
^one in the same way as in the case of gold-leaf, p. 219), add 
^ little water, and then a few drops of strong hydrogen nitrate, 
^d warm the liquid. The metal will readily dissolve, and 
3. clear solution of silver nitrate will be obtained^. Add to 
ftis solution a drop of hydrogen chloride. A white precipitate 
Of silver chloride will be formed, insoluble even on adding 
iiQore hydrogen chloride and applying heat. Hydrogen chloride 
Cannot therefore be used to dissolve silver. 

2. Place a small silver coin in- a flask, pour on it 8 or 
10 c.c. of concentrated hydrogen nitrate, and warm the flask 
very gently on a sand-bath. A strong action will commence, 
and nitrogen tetroxide will be evolved, the fumes of which 
should not be allowed to escape into the room. In a short 
time a clear bluish green solution will be formed, containing 

* It must be borne in mind that solutions of silver salts, if allowed to 
touch tie skin or clothes, stain it black. The quickest way of removing 
these stains is to moisten them first with a solution of potassium iodide, 
and then with strong solution of potassium cyanide. Great care must, 
however, be taken in using the latter, as it is very poisonous : all traces of 
it shoukl be washed away as soon as it has removed the stains. 
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silver nitrate and copper nitrate, since the coin consists of 
an alloy of silver with about one-thirteenth of its weight of 
copper. In order to separate the copper, dilute the solution 
with four or five times its volume of water, and add hydrogen 
chloride until no more precipitate is formed. The silver will be 
completely precipitated as chloride, while the copper chloride, 
being soluble in water, remains in the liquid. Cork the flask 
and shake it for a few seconds : the suspended silver chloride 
will then separate in curdy masses, and the liquid may be 
readily poured off. The precipitate should next be thoroughly 
washed on a filter, first with dilute hydrogen nitrate, and then 
with several changes of water until the liquid which runs 
through the filter ceases to redden blue litmus-paper. While 
the last portions of water are draining off, take a strip of sheet 
zinc about 5x8 cm., attach a short piece of platinum wire 
to one corner, fixing it in a nick cut in the zinc by a strong 
pair of scissors or a knife, and lay the strip at the bottom of 
a large evaporating dish \ Take the filter containing the silver 
chloride carefully out of the funnel, place it on a piece of 
blotting-paper and open it out gently so as not to tear it ; then 
lay it upon the piece -of zinc in the dish, and bend over the 
piece of platinum wire attached to the zinc until its extremity 
dips into the mass of silver chloride. When this is done, 
fill the dish about half full of dilute hydrogen sulphate (one 
volume of acid to seven volumes of water), taking care to pour 
in the acid very slowly, and near the edge of the dish, so as 
not to disturb or scatter the silver chloride. A galvanic action 
will be set up, and the silver chloride will be reduced to the 
metallic state. The dish should be set aside, and the action 
allowed to go on until the whole mass has become grey (not 
merely the surface), which may take an hour or so. Finally, 

* It will be advisable, though not absolutely necessary, to cover the 
zinc with a thin coating of mercury, in order to prevent * local action ' (see 
under Zinc). This may be simply done by laying it in a dish, pouring in 
sufficient dilute hydrogen sulphate to cover it, and adding 2 or 3 c.c. of 
solution of mercury perchloride. In two or three minutes a sufficient 
coating of mercury will be deposited, and the zinc after being washed may 
be used as above directed. 
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take out the filter containing the spongy mass of reduced silver, 
transfer the latter to a beaker and wash it thoroughly, first with 
dilute hydrogen sulphate, and then with several changes of hot 
water, to get rid of all traces of zinc sulphate. The finely 
divided metal will readily dissolve in a little moderately strong 
hydrogen nitrate, and the solution should be evaporated to the 
crystallising point, and then left to cool. Square tabular crys- 
tals of silver nitrate will be formed, which should be drained 
in a fiumel, washed with a very little water, and dried with 
blotting-paper *. 

3. Place a small crystal of silver nitrate in a mortar, powder 
it and mix it with about twice as much sodium carbonate, then 
heat the mixture on charcoal in the blowpipe-flame. Bright 
gbbules of metallic silver will be formed, which remain un- 
tarnished in the oxidising flame, and no incrustation is formed 
on the cooler part of the charcoal. 

[For the following experiments a solution of silver nitrate con- 
tahung I grm. of the salt in 30 c.c. of water may be used.] 

4. Pour some of the silver nitrate solution into six test-tubes, 
8nd test it in the following way : — 

(a) Add to one portion a few drops of dilute hydrogen 
diloride. A white curdy precipitate will, as we have seen, 
fe produced, quickly subsiding if shaken, and insoluble in 
excess of hydrogen nitrate or chloride, or in aqua regia, 
hit soluble in excess of ammonia. The precipitate, if ex- 
posed to daylight, soon turns grey, owing to a superficial 
ledaction. 

{b) Acidify another portion with hydrogen nitrate, and test 
it with solution of hydrogen sulphide. A black precipitate of 
silver sulphide will be formed. Divide the fluid in which the 
precipitate is suspended into two portions ; to one add ammonia 

Miqnids containing silver, such as the mother liquor from the ciys- 
tBls of silver nitrate, and the residues from the following experiments 
ihoiikl on no account be thrown away, but reserved in a bottle labelled 

f 'Siher Residues.' 

! For the mdliod of recovering the silver from these residues, see Ap- 
pendix B, 



s 
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to alkaline reaction, then ammonium sulphide, and wann the 
mixture. The precipitate will remain undissolved *. Allow the 
precipitate in the other portion to subside, pour oflF the fluid, 
and boil the precipitate with strong hydrogen nitrate. It will 
dissolve, leaving only yellow clots of sulphur. 

(c) To another portion add a few drops of solution of potas- 
sium hydrate. A brown precipitate of silver oxide will be 
formed, insoluble in excess of the precipitant. 

(d) Repeat the last experiment, using anunonia instead of 
potassium hydrate. The brown oxide will readily dissolve in 
excess of ammonia. 

(e) Add very dilute ammonia, drop by drop, to another por- 
tion, until the precipitate is partially redissolved. Add a drop of 
a solution of sodium-and-hydrogen-tartrate to the ammoniacal 
solution, and warm it gently. The liquid will turn black, and 
the silver will be deposited on the sides of the tube, forming a 
brilliant mirror-like coating. In order to obtain the best mirror, 
solution of silver nitrate should be added, drop by drop, to 
some very dilute solution of ammonia (about two drops of the 
ordinary solution with about 5 c.c. of water), until a permanent 
precipitate is formed : then a drop of the solution of tartrate 
should be added and the liquid warmed by holding the tube 
in a jug of hot water. 

A watch-glass may be silvered in a similar way, by em- 
bedding it in sand, filling it with the solution, and heating the 
sand gently. A very good convex mirror may be thus ob- 
tained. 

5. Make a solution of ammonium chloride, containing i grm. 
of the salt in 50 c.c. of water, and filter it into a flat-bottomed 
plate. Take a piece of fine drawing-paper about 10 or 12 cm. 
square, make a small pencil-mark in one corner, then taking 
it up by the two opposite comers lower it gently upon the 
solution in the plate, keeping the marked side downwards, so 
that the centre touches the liquid first, the two comers being 

^ This distinguishes silver iroin. ceiVsMi oi^^x m^Vs^s^, ^^sl^ «& ^csbl 
arsenic, which form sulphides soVoble m amTCLOxCvasQ. ^-v^^x^^. 
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bwered afterwards, in order that no air-bubbles may be re- 
tained between the solution and the paper. Allow the paper 
to float upon the solution for five or ten minutes, then take 
it up quickly by one corner, and pin it to a shelf or the back 
of a chair, to drain and dry. The next stage of the prepara- 
tbn of the paper, since it involves the formation of a com- 
pound sensitive to light, must be performed by candle-light, 
and therefore in a cellar, or a room with closed shutters, 
or in the evening. Dissolve 4 grms. of silver nitratein 50 c.c. 
of water, filter the solution into a perfecdy clean plate, carry 
it into a room lighted only by. a candle, and float upon it 
the piece of salted paper (with the marked side down- 
Wards), taking particular care to avoid air-bubbles. The silver 
nitrate in the solution will act upon the ammonium chloride 
in the paper, and ammonium nitrate and silver chloride will be 
foraied at the surface of the paper. After the lapse of three 
noinutes, raise the paper by one corner and pin it up, as before, 
to dry in a dark cupboard or drawer. Obtain two pieces of 
flat window-glass, rather larger than the piece of prepared 
paper; lay one of them flat on the table in a room lighted 
by a candle only, or at any rate in the darkest corner of 
a room in which the blinds are drawn down. Place upon the 
glass a piece of black velvet or green baize ; lay upon the latter 
the piece of prepared paper, having the marked side upwards ; 
idace upon the paper a piece of lace or coarse muslin, or a leaf, 
or a small engraving (which should be on thin paper), and on 
the top of all lay the other plate of glass. Bind the whole 
together by two letter clips or india-rubber bands, one on each 
side, and bring the extempore printing-frame into full daylight. 
You will observe the portions of the prepared paper, which are 
not protected by the lace or the engraving, to pass through 
shades of red and purple, finally becoming black. When this 
is &e case, remove the apparatus again to the dark room, 
and take out the prepared paper. The lace, or other opaque 
object, will be found to have protected the paper from the 
action of the light, and an image of it will be formed, white 
on a black ground. Of course, if the paper be now brought 
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out to the daylight, it will blacken all over, and the image 
will be obliterated. If it be thought worth preserving, it must 
be soaked in common water to remove all excess of silver 
nitrate, and then placed in a solution of sodium hyposulphite 
(containing 2ogrms. of the crystallised salt dissolved in loocx. 
of water). This solution wiU dissolve away, all the unaltered 
silver chloride, leaving the reduced silver untouched. After 
the print has remained about ten minutes in the solution it 
should be removed, and washed in several changes of watar; 
after which it may be brought out to the light without damage. 
The black portions will have become reddish brown, and 
will be reduced in intensity, since no toning process has been 
employed; but the experiment ^^11 serve the purpose of 
illustrating the action of light on silver chloride, and the prfli- 
ciples of the art of photography. 



MEBCUBY. 



1. Pour a few drops of mercury on a clean plate; if the 
metal is pure, the drops will preserve their roundness as they 
roll about ; but if it contains lead or other impurity, the drops 
will become elongated when the plate is inclined, and will move 
about sluggishly, leaving portions behind them^. 

2. Place about 2 grms. of mercury (a globule about the siie 
of a pea) in a small dish, and pour upon it about 5 c.c of 



^ In order to purify it, pour it into a plate or shallow dish in sufficient 
quantity to form a thin stratum at the bottom, and pour over it enough 
dilute hydrogen nitrate ( i vol. of the strong acid to 20 vols, of water) to 
cover it. Leave it in contact with the metal for three or four houis, 
stirring it occasionally with a glass rod to expose a fresh surface of the 
metal to the acid ; then pour off the acid, wash the mercury with a stream 
of water poured from a jug, and finally, after pouring oflf as much water as 
possible, absorb the remainder with a clean cloth or blotting-paper. Fit 
a filter in a funnel, and make a fine hole with a pin at the pomt, support 
the funnel over a beaker or bottle, and pour into it the dry mercury. The 
metal which runs through wilYbe iovav^Ner^xveaxV^ ^\sie; it maybe farther 

purified by distillation, but, except iox specvaX ^'or^^^'^*^^'^^ ^S»s^\si^<g«ste^ 

will scarcely compensate fox lihe ttoxiVAe bcd.^ "t^. 
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^^Kdrogen nitrate, diluted with an equal volume of n'ater. 

^Vwlow the actjon to go on for ten minutes or so (while you 
pGceed with Experiments 3, 4, and 5), stirring the liquid 
frequently, but applying no heat. Pour off the solution into 
1 lEBl-tube, dilute it with two or three times its volume of 
"Mer, and label the tube * Mercury Pro to nitrate.' Pour upon 
the remainder of the mercury 3 or 4 c.c. of concentrated 
hydrogen nitrate, and allow the action to go on until all 
Ihe metal is dissolved, boiling the liquid and adding a litde 
E hydrogen nitrate if the action becomes slow. Drive off 
taj great excess of acid by evaporation, adding one drop of 
hydrogen chloride, to convert any remaining protosalt into 
alt, then dilute the solution ■with water, and pour it into 
a lesl-tulje labelled ' Mercury Pernitrate.' 

3. Place a drop of mercury in a test-tube, and heat it 
over 1 lamp, holding the tube nearly horizontal. The metal 
will boil below a red heat, and, if pure, will wholly volatilise, its 
vapour condensing in the cooler parts of the mbe, and forming 
a bright metallic ring, which, when looked at through a mag- 
nifier, will be seen to consist of minute hquid globules like 
dew. These, if touched with a glass rod, may be made to run 
K^ther into one large drop. 

4. Place a small crystal of mercury perchloride in a tube, and 
heat it gently over the lamp. The salt will fuse, and at a rather 

r higher temperature volatilise entirely, forming a white crys- 
talline ring in the cool part of the tube. If the experiment 
is repeated with mercury protochloride (calomel) a similar 
result will be obtained, but, the substance will volatilise without 
previous fusion. 

5. Mix a little mercury protochloride, or perchloride, with an 
equal quantity of dry sodium carbonate in a mortar, introduce 
it into a bulb-tube (p. 12), in quantity just sufficient to fill 
the bulb, and cover it with a thin layer of the dry sodiam 
carbonate. Wipe the tube clean with a twisted strip of blotting- 
paper, and heat it very gently over the lamp. At first, if the 
substances are not carefully dried, some movstvixt -w'SiXft "©s^ 

off, which must he absorbed by sttips ol feVtei-^^'^.'^o^'^* 
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a stronger heat is applied ; otherwise it will be difficult to obtain 
a well-defined sublimate. When no more water condenses in 
the tube, increase the heat, until the bulb is nearly red-hot. 
A metallic mirror will form in the tube which, when examined 
with a magnifying glass, will be seen to consist of small round 
globules of metal, very different in appearance from the crystal- 
line crust of arsenic, p. 183. To remove any doubt as to the 
character of the mirror, introduce a thin slip of wood (e. g. the 
end of a match) into the tube, and employ it to scrape the sub- 
limate from the sides of the tube. The small globules will run 
together into one large globule, which from its metallic lustre 
and fluidity can only be mercury ^ 

6. Apply the following tests to each of the solutions whid 
you have obtained in Experiment 2, and which will serve as 
examples of the two series of salts formed by the metal 
mercury. 

1. Mercury Frotonitrate. 

{a) Pour a few drops of the solution into a test-tube, and 
add dilute hydrogen chloride, drop by drop. A white pre- 
cipitate of mercury protochloride will be formed, which will not 
dissolve in excess of the precipitant. Pour some of the fluid 
in which the precipitate is suspended into another tube, add 
a few drops of hydrogen nitrate, and boil. The mercury proto- 
chloride will be converted into mercury perchloride, which will 
dissolve. To the remainder of the precipitate add ammonia 
in slight excess. The precipitate will turn black. 

{b) Test another portion with solution of hydrogen sulphide. 

A black precipitate of mercury protosulphide will be formed. 
Divide the contents of the test-tube into two portions ; render 
one portion alkaline with ammonia, add some ammonium sul- 
phide, and warm the mixture; the precipitate will remam 
undissolved. Allow the precipitate in the other portion to 

'■ Mercury iodide is the only comtcvot^"^ otoxmik.^ xcksxcssx^ compound 
which under the above couditious No\aX\\\^es \3m^m«A, '\a. «^«t ^\ '^^ 
'oerposed layer of sodium caibot\aXe. 
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subside ; pour oflF the fluid, add some strong hydrogen nitrate, 
and boil. The mercury protosulphide will be decomposed, part 
dissolving as nitrate, part remaining as persulphide; which 
latter will be readily decomposed on the addition of a few 
drops of hydrogen chloride. 

(f) Add to a third portion some solution of potassium 
hydrate. A black precipitate of mercury protoxide will be 
fonned, insoluble in excess. 

{d) Add to another portion some tin protochloride in excess. 
A grey precipitate of metallic mercury will be produced. If 
this be allowed to subside, the fluid poured off", and the pre- 
cipitate, after being once washed by decantation to remove 
traces of nitrate, warmed with a little strong hydrogen chloride, 
the finely divided particles will unite into a globule of mercury. 
[e) Place a drop of the solution on a clean surface of copper ; 
allow it to remain for half a minute, and then wash it off". A 
dull white stain will be left on the copper, which when rubbed 
'with a cloth will become bright and silvery. The mercury salt 
kas been decomposed, copper nitrate being formed, while the 
mercury is deposited on the more electro-negative metal, the 
copper, with which it forms an alloy or amalgam. 

2. Mercury Femitrate. 

(fl) No precipitate will be formed. 

[h) If the hydrogen sulphide is added drop by drop, and the 
liquid shaken, a precipitate will be produced which is at first 
white, but on further addition of hydrogen sulphide becomes 
yellow, brown, and finally black. The cause of this charac- 
teristic reaction is, that a combination of mercury persulphide 
and nitrate is first thrown down, which is converted entirely 
into mercury persulphide by excess of the precipitant. The 
mercury persulphide, like the protosulphide, will be found in- 
soluble in ammonium sulphide and also in hydrogen nitrate, 
but decomposable by aqua regia. 

(c) A yellow precipitate of mercury peroxide will be formed. 

{d) A white precipitate of mercury protochloride will be pro- 
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duced by the addition of a drop of tin protochloride, which wifl 
become grey on further addition of the reagent, owing to its 
reduction to metallic mercury. 

(e) The result will be the same as in the case of the proto- 

salt. 

7. Add ammonia to a solution of mercury perchloride. A 
white precipitate will be formed, which has the composition of 
ammonium chloride in which part of the hydrogen is replaced 
by the metal mercury ^. 

8. Add solution of mercury perchloride drop by drop to 
about 5 c.c. of solution of potassium iodide. The first drop 
will produce a yellow precipitate, rapidly changing to scarlet, 
which will redissolve on agitation. Continue to add the mer- 
cury salt until some quantity of the precipitate is obtained; 
pour off a little of this, and add to it a little more of the 
solution of mercury dichloride ; the precipitate will redissdve. 
Pour the rest of the liquid, in which the precipitate is sus- 
pended, on a filter, and wash it once or twice with a gentle 
stream of water from the wash-bottle; then spread out the 
filter on some folds of blotting-paper, and put it in a warm 
place to dry. Detach the dried mercury iodide from the filter, 
place it in a small test-tube, and heat it over a lamp. The 
scarlet iodide will sublime and condense in yeUow prismatic 
crystals in the cool part of the tube. If these crystals be 
rubbed with a glass rod they will be reconverted into the 
scarlet modification, which has the same chemical composition 
as the yellow iodide, but differs in crystalline form. If you 
possess a moderately good microscope, you will find it inter- 
esting to watch the progress of the change by subliming a little 
of the scarlet mercury iodide from a watch-glass to one of the 
ordinary microscope slides, placing it on the stage of the in- 
strument, examining the crystals with a one-inch power, and 
lightly touching one of them with a needle. The change will 
begin in the crystal which was touched and gradually spread 
through the whole, while \Xs pio^e^^ isva.^ xeadilY be watched; 

» 2 H.N + HgCl. - (.1^4^^ C\ ^ iJA^VL^^^O. 
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the yellow rhombic prisms becoming aggregations of red octo- 
hedra with a square base, belonging to a different crystallo- 
graphic system ^ 



IiEAD. 

1. Cut off a small piece of sheet lead with a strong knife, 
and hammer it thin on an anvil, noticing its malleability, soft- 
ness, and want of elasticity. Fold up the thin sheet thus 
obtained, place it in a flask or beaker, pour on it about 3 c.c. 
of strong hydrogen nitrate diluted with an equal volume of 
water, and heat gently on the sand-bath. The metal will 
readily dissolve, orange vapours of nitrogen tetroxide being 
formed ^ Keep the solution of lead nitrate, after driving off 
any great excess of acid by evaporation, to be tested as directed 
in Experiment 4. 

2. Mix a litde lead acetate with sodium carbonate, and heat 
the mixture on charcoal before the blow-pipe. A metallic 
globule will be obtained, which is malleable ; and a light yellow 
incrustation will be formed round the margin of the hole in 
the charcoal 

3. Pour some dilute hydrogen nitrate on a little red lead 
"1 a test-tube, and warm the mixture. A chocolate-coloured 
powder will remain undissolved, which is lead dioxide. 

4. Add a few drops of dilute hydrogen chloride to some 
of the solution of lead nitrate obtained in Experiment i . A 
white crystalline precipitate will be formed, insoluble in excess 



* To obtain good crystals for the microscope, it is generally necessary to 
J^ttblime the crystals first obtained. To do this, place over the slip of glass 
on which the crystals have been deposited, another similar slip of glass, sepa- 
rating the two by strips of card placed between them at each end. Hold the 
plates in this position between the finger and thumb, and heat both of them 
over a spirit lamp. When they are pretty hot, apply a higher temperature 
to the one on which the mercury iodide is deposited, waving the lamp-flame 
to and firo imder it The sublimation thus takes place slowly, and large 
^tals are formed. 

' A white residue may remain, if the acid was too strong ; but this will 
^^Ive on addition of more water and warming. 
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of the acid*. Divide the fluid containing the precipitate in 
suspension into three portions, and test them as follows : — 

(a) Add to the first portion three or four times its voliune of 
water. The precipitate will gradually redissolve. 

(d) Heat the second portion to boiling. It will in this case 
also redissolve, but will be reprecipitated as the solution cools, 
in snow-like flakes, which, when examined by a magnifier, will 
be seen to consist of groups of slender prisms. 

(c) To the last portion add ammonia. The precipitate will 
undergo no alteration. (Compare Experiment i a, p. 196.) 

5. Test another portion of the solution of lead nitrate with 
solution of hydrogen sulphide. A black precipitate will be pro- 
duced, insoluble in hydrogen chloride but decomposed on 
being boiled with excess of hydrogen nitrate. It will be re- 
membered that this property of lead, of forming a black com- 
pound with sulphur, furnished us with a very delicate test of 
the presence of a sulphide (p. 179). 

6. Add to another portion of lead nitrate a few drops of 
solution of potassium hydrate. A white precipitate of lead 
hydrate will be formed, which will redissolve in excess of the 
precipitant. 

7. Test another portion of lead nitrate with dilute hydrogen 
sulphate. A white precipitate will be formed, insoluble in 
excess of the acid, slightly soluble in strong hydrogen chloride, 
but readily decomposed and dissolved if warmed with solution 
of ammonium acetate ^ 

8. Add a few drops of solution of potassium iodide to an- 
other portion of lead nitrate (which should be only slightly 
acid). A yellow precipitate will be produced, which will dissolve 
slowly if the solution is diluted and warmed, and will be repre- 
cipitated as the solution cools in golden yellow spangles. 

9. Add to another portion of lead nitrate a drop of solution 



* A large excess of dilute hydrogen chloride will dissolve it, the effect 
being due, however, not to the action of the acid, but to the action of the 
water, as in (a). 

* This may be made by taking 2 or 3 c.c. of hydrogen acetate, and adding 
nearly sufficient solution of ammonia to neutralise it. 



}f potassium chromate. A yellow precipitate will be formed. 

Divide the liquid into two piortioiis: lo the first add some dilute 
I hj'drogen nitrate ; the precipitate wilt remain undissolved. To 
I ibe second portion add some salution of potassium hydrate, 
I irfiich will readily redissolve the precipitate. 



. Clean a strip of sheet copper with emerj'-paper, heat it 

I to redness in the flame of a Bunsen's burner, and hold it in 

[ ihe outer pan of the flame for one or two minutes. The metal 

will combine with the osygen of the air, and be covered with 

of oxide. If it be now plunged into cold water, the 

I oxide will detach itself in scales (since it does not contract, as 

Ihe temperature falls, in the same degree as the metal), and the 

turface of the metal will show the characteristic red colour of 



. Make a small quantity of a mixture of equal parts of 
copper sulphate and sodium carbonate, and heat it on charcoal 
before the blowpipe- flame. You will obtain small grains of 
metallic copper, but the heat of the blowpipe-flame will be 
scarcely sufficient to fuse these into one globule. They will 
be better seen if the fused mass is placed in, a mortar and 
washed with water until the soluble salts are dissolved ; the 
red metallic particles may then be readily distinguished with 
a magnifier. 

3. Make a borax bead, add 10 it a trace of copper sulphate, 
and heat it in the oxidising flame of the blowpipe. The bead 
will be coloured green while hot, becoming blue as it cools. 
After being heated in the reducing flame, with addition of a 
little more copper sulphate, it will appear red by reflected light, 
owing to the presence of suspended particles of copper. 

4, Dissolve 0.5 grm. of line copper wire in hydrogen nitrate 
diluted with an equal volume of -water, hea\iTi^ 'Cue ^■i.'^ ^««iji 

iftlie action becomes slow. Red vapoMis o^ m'noig.e.w ^^^«^^ 




202 EXAMINATION OF PROPERTIES OF 

will be seen above the liquid (p. 84), and a blue solution of 
copper nitrate will be obtained. Evaporate this solution nearly 
to dr3niess in a dish, to drive off any excess of hydrogen nitrate, 
dilute it with water to 20 c.c, and examine separate portions of 
the solution with the following tests : — 

(a) Place a piece of platinum foil in an evaporating dish, 
put on it a fragment of granulated zinc, and pour into the dish 
some dilute hydrogen sulphate. If a drop of the solution of 
copper nitrate be now added, the surface of the platinum will 
be coated with metallic copper ^. 

(d) Pour a little of the solution into a test-tube, and dip into 
it a piece of clean iron wire or the blade of a knife. Metallic 
copper will be thrown down on the Surface of the iron, while 
the latter is slowly dissolved, taking the place of the copper 
in the solution. 

{c) Acidify another portion of the solution with hydrogen 
chloride, and add solution of hydrogen sulphide. A black 
precipitate will be formed, consisting of copper sulphide. Allow 
this to subside, pour off the clear fluid, and wash the precipitate 
once or twice by decantation. Divide it into two portions ; 
to one of these add some ammonium sulphide, and warm it 
gently ; the precipitate will not dissolve. Boil the other portion 
with strong hydrogen nitrate, which will readily decompose and 
dissolve it, with separation of sulphur. 

(d) To another portion add a few drops of solution of 
sodium hydrate. A light blue precipitate of copper hydrate 
will be formed, which will not dissolve in excess of the pre- 
cipitant, and will turn black when the solution is heated to the 
boiling-point, owing to its conversion into copper oxide. 

(e) To another portion add one drop of solution of ammonia. 
A light blue precipitate will be formed, as in the last experi- 
ment, but will readily dissolve on addition of a few drops more 
of ammonia, and a deep blue solution will be obtained. 

(/) Test another portion with a drop of a solution of potas- 

^ After the experiment the platinum should be warmed with some dilate 
hydrogen nitrate, which will dissolve the coating of copper, without injuiy 
to the platinum. 
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sium ferroqranide. A reddish brown precipitate of copper 
ferrocyanide will be produced. 

5. Dissolve a small lump of grape sugar in 2 or 3 c.c. of 
water, filter the liquid if necessary, and add to it a drop or two 
of the solution of copper nitrate. If solution of potassium 
hydrate be now added, no precipitate of copper hydrate wiU 
be formed, or if formed (owing to the grape sugar not being 
present in sufficient quantity) it will be redissolved on addition 
of more potassium hydrate. But if the mixture is heated to 
the boiling-point, a yellow precipitate of copper protohydrate is 
obtained, which quickly changes to red copper protoxide. 



CADMIUM. 

1. Mix a small quantity of cadmium sulphate with an equal 
amount of sodium carbonate, and heat it on charcoal before 
the blowpipe. No metallic globule will be obtained, owing to 
the volatility of cadmium, but the surface of the charcoal will 
be covered with a characteristic reddish brown coating of 
cadmium oxide. 

2. Dissolve I grm. of cadmium sulphate in 25 c.c. of water, 
and test separate portions of the solution as follows : — 

(a) Acidify one portion with hydrogen chloride, and add 
solution of hydrogen sulphide. A yellow precipitate of cad- 
nium sulphide will be produced. Add to the solution in which 
he precipitate is suspended ammonia in slight excess, then a 
ew drops of ammonium sulphide, and warm the mixture. The 
)recipitate will remain unaltered, differing in this respect from 
he two other yellow sulphides, those of arsenic and tin, which 
re dissolved under the same circumstances. 

{b) Add a drop of ammonia to another portion. A white 
►recipitate of cadmium hydrate will be formed, which will 
eadily dissolve on addition of more ammonia. 
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BISMUTH. 

1. Place a small fragment of bismuth on an anvil, and strike 
it with a hammer. It will not spread out, like lead, into a thin 
plate, but will be crushed, like antimony, into a crystalline 
powder. Dissolve about 0.5 grm. of the metal in hydrogen 
nitrate, as directed in the case of lead It will be found to 
dissolve easily, and the solution of bismuth nitrate (after evapo- 
ration to half its bulk, in order to drive oflF excess of acid) may 
be reserved for testing. 

2. Weigh out 4 grms. of bismuth, 2 grms. of lead, and 
2 grms. of tin. Melt the bismuth in a clean iron spoon, and 
add to it the lead and the tin, stirring the incited alloy with 
a glass rod or piece of iron wire. Pour it out on a clean iron 
plate or on a tile, and allow it to cool. The melting-points of 
bismuth, lead, and tin, are all above 230°, but this alloy is so 
fusible that if a piece of it be cut off and thrown into boiling 
water in a test-tube, it will readily melt. 

3. The blowpipe reaction of bismuth will be found at p. 143. 

4. Pour a little of the solution of bismuth nitrate into a test- 
tube, and add four or five times its volume of water. The 
solution will gradually become cloudy, and deposit a precipitate 
of bismuth oxynitrate, which will dissolve in excess of hydrogen 
chloride, but is insoluble in hydrogen tartrate. (Compare the 
reaction of antimony, p. 192.) If a drop of hydrogen chloride 
is added to the solution of bismuth nitrate, and the mixture 
then diluted with water, a precipitate is formed far more readily 
than in the case of the nitrate, since bismuth chloride is very 
easily decomposed by water. 

The best method of applying this test is, to evaporate a few 
drops of the solution of bismuth salt to dryness in a watch- 
glass, to dissolve the residue in a drop of moderately dilute 
hydrogen chloride, and then, placing the watch-glass on a 
black surface, to fill it up with water from a wash-bottle. A 
very sUght turbidity may iVwi^ be xei^dfeted evvdent. 
5. Acidify another poitioii o^ \3\^mM\N\ rnXx-aXa ^wacL\s*3^^«S5i^ 
chloride, adding the acid \iat\\ ^xv^ ^^^^^^^^-^x^ ^nVkv^q. Taa:^ > 
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formed is redissolved, and test the solution with hydrogen 
sulphide. A black precipitate of bismuth trisulphide will be 
formed, insoluble, after neutralisation of the solution, in am- 
monium sulphide, but decomposed by strong boiling hydrogen 
nitrate. 

6. Add ammonia to another portion of the solution of bis- 
muth nitrate imtil a permanent precipitate is produced, then 
add a drop of solution of potassium chromate. A yellow pre- 
cipitate of bismuth chromate will be formed, which will dissolve 
in dilute hydrogen nitrate, but not in solution of potassium 
liydrate. (Compare the reaction of lead chromate, p. 201.) 



ABSEinC. 

[It should be remembered in dealing with arsenic that the sub- 
stance and its compounds are extremely poisonous. Very small 
^Qantities should be used for testing, and care must be taken not to 
nihale any of the vapours.] 

1. Place a little arsenic trioxide ^r A. w ^J 
in a small dry test-tube, and heat ^^ v 7^0^ 

it over a lamp ; the substance will ™ ^k ^r f^ ^0 ^ 
Volatilise completely, and form a ^—^k |3^r;azv 
Jing of crystals, often iridescent, j/ V> ^^B 

in the cool part of the tube. Ex- ^^ iifi^flC/ 
^inine these crystals with a mag- ^^ ^ *^ 

nifier; they will be found to be 
Octohedra, with a square base. *g- 55- 

2. Mix a very small quantity of arsenic trioxide with an equal 
quantity of sodium carbonate and the same amount of potas- 
sium cyanide. Place the finely-powdered and dried mixture 
wi a small tube of hard glass about 6 cm. long, having 
a bulb blown at one end (for the method of making these 
^bes, see p. 39), and wipe off any adhering particles of the 
'Jnxture from the sides of the tube with a twisted strip of 
filter-paper. Heat the bulb, gently at first, over the lamp, and 

any moisture which may condense in the tube with 
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a strip of filter-paper ; then increase the heat, and notice to 
a shining ring of metallic arsenic is deposited in the tube. 
Cut off the bulb, retaining the metallic sublimate in the tube; 
hold the latter in a slanting position (the part containing the 
arsenic being lowest), and heat the ring by a spirit lamp wifli 
a very small flame. The arsenic will volatilise, will be oxidised 
by the current of hot air ascending in the tube, and will con- 
dense near the top of the tube as arsenic trioxide, in siAatt 
crystals. The heat should not be too strong, or a poitioa 
of the arsenic will volatilise unchanged and interfere with the 
distinctness of the crystalline ring. If this should occur, 
allow the tube to cool, and re-sublime the deposit as above 
directed. 

3. Boil a little arsenic trioxide in a test-tube with some 
water ; notice the difficulty with which it is wetted by water, 
the powder showing a tendency to float as a film upoa 
the surface of the liquid, or remain at the bottom in 
It will, however, dissolve to a certain extent in water 
and much more readily if a few drops of solution of sodium 
carbonate be added. Filter the solution, if necessary, and test 
separate portions as follows : — 

{a) To one portion add some solution of hydrogen sulphide; 
the liquid will be coloured yellow, and on addition of a few 
drops of hydrogen chloride a bright yellow precipitate of arsenic 
trisulphide will be formed. Pour some of the liquid, in which 
the precipitate is suspended, into another test-tube, add some 
strong hydrogen chloride, and boil. The precipitate will remain 
almost unaltered, but will be readily decomposed and dissolved 
on the addition of a drop of hydrogen nitrate. ! 

Neutralise the rest of the solution with ammonia, add a few 
drops of ammonium sulphide, and warm. The arsenic tri- 
sulphide will be dissolved, ammonium sulpharsenite being 
formed. If a few drops of dilute hydrogen chloride be now 
added to the clear solution, arsenic trisulphide will be re- 
precipitated. 

(^) Add a few drops oi Yvydio^eiv xtoa^Xfe \a ^xvs>^3ctfix i^rtion 
of the solution, and tYien 2tdd a dto^ ol ^-^n^x \^\rax^, ^ -^^ 
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bjdrogen nitrate or sodium carbonate contained any chloride, 

a slight white precipitate will form on addition of the silver 

nitrate, which should be filtered off. Mix in another test-tube 

some solution of ammonia with an equal volume of water, and 

pour the diluted ammonia very slowly and carefully do^vn the 

side of the test-tube containing the arsenic solution, so that the 

two fluids may not mix, but the lighter solution (the ammonia) 

may rest on the surface of the heavier. The tube containing 

the arsenic solution should be held in an inclined position, in 

Older that the ammonia may flow less rapidly down the side. 

It is best to add the ammonia by means of a pipette (p. 16), 

^vhich should be dipped into the tube containing the dilute 

ammonia, the top closed by a moistened finger, the pipette 

"Wthdrawn, and the fluid it contains allowed to run slowly down 

the side of the test-tube containing the arsenic solution, by 

slightly relaxing the pressure of the finger on the top of the 

tube. A yellow film of silver arsenite will be formed at the 

surface of contact of the two fluids. We have in the test-tube 

three fluid strata : a lower one containing excess of hydrogen 

nitrate, an upper one containing excess of ammonia, and an inter- 

Dnediate one consisting of a neutral solution of ammonium nitrate. 

Silver arsenite is insoluble in water, but soluble in excess both 

of acid and of alkali, and therefore appears only when the fluid 

is neutral. On shaking the fluid the yellow film will disappear 

altogether, unless just enough ammonia has been added to 

Jieutralise the acid. 

(c) Add to a third portion a drop of solution of copper 
sulphate, and then^ if a precipitate is not produced at once, 
add a drop or two of potassium hydrate. A grass-green pre- 
cipitate of copper arsenite will be formed, readily soluble in 
tydrogen nitrate as well as in ammonia. 

(d) Add excess of potassium hydrate to another portion, and 
then a drop of dilute solution of copper sulphate. A clear blue 
solution will be formed, which will become turbid on boiling, 
tod deposit a red precipitate of copper suboxide. 

(t) Acidify another portion with hydrogen chloride, and drop 
®to it at'piece of rather fine copper wire, cleaned with emery- 



3o8 BXAMtlfATlOy or PROPERttKS dV 

paper and doubled up into a. bundle. On boiling the solution 
the arsenic will be tiirown down on the more electroposiiiw 
metal, the copper, in (he farm of a grey metallic film, which 
will, if the action be continued, separate in scales from t 
copper. Decant the solution, and pour some fresh water upi 
the coated copper, to wash away the last traces of the solution; 
then shake the copper out of the tube upon a piece of blottic^' 
paper and dry it by gentle pressure, taking care not to disturb 
the film of arsenic; complete [he drj'ing by warming the coppat 
over a lamp-flame for a few seconds, then place it in a tube o 
hard glass sealed at one end, similar to that used in Experi- 
ment 2, and heat it over the lamp, A ring of crystals of aj 
trioxide will be formed beyond the heated portion of the tnbe, 
and should be examined with a lens. 

This test, which is usually called Reinsch's test, has thi 
advantage that the presence of organic substances {e. g, milk, 
beer, in cases of poisoning) does not interfere with the (k- 
position of arsenic on the copper. But other metals, such 
as antimony, bismuth, silver, are deposited on the copper undB 
the same conditions as arsenic. Moreover, when the deposil of 
arsenic is heated, only a portion of the metal is volatihsed, the 
rest forming a non-volatile alloy with the copper. The test, 
therefore, is by no means so reliable and characteristic as the 
following one. 

4. If a solution containing arsenic is brought into contad 
with nascent hydrogen, a volatile compoimd of arsenic and' 
hydrogen is formed, corresponding in composition to the com- 
pound of nitrogen and hydrogen, or ammonia, and to one of 
the compounds of phosphorus and hydrogen. This reacliDn 
furnishes us with a most dehcate test for arsenic, since fi 
hydrogen arsenide is very readily decomposed, and thus the 
presence of arsenic in it may be demonstrated. The 1 
method of applying the test, which is known as Marsh's 1 
is as follows : — 

Place a few pieces of granulated zinc in a small flask, fl 
with an acid funnel and ligtl-ati^fci ^too-s ■(jiot, -jmi, «mi 
tbe iatter with a drying lube ftfie,4 -«i.vV Ira^anK&i *. ^ 



ARssmc. 



309 



chloride, and supported in a horisonta! position bj' a Bunsen's 
holder. Take a piece of infusible glass tubing about 4 mm. in 
diameter and 40 cm. in length ; soften it in the middle by 
means of the blowpipe -flame, and draw the two ends asunder, 
iinlil the softened portion is contiacted to a diameter of z mm. 
When it is cool, make a scratch with a file in the middle of the 
contracted portion, and break it at that point. You have now 
two tubes each about 18 cm. in length and terminated by a 
jet'. Reserve one for an esp-eriment with antimony, and 
connect the other with the drying tube, supporting it hori- 
nontally on the largest ring of the retort-stand at such a height 
that a lamp may be placed underneath it. The whole apparatus 
will then be arranged thus, Fig. 56. 




fig- S&- 

Ponr a little water on the zinc in the flask, and add a few 

T^'Opa of strong hydrogen sulphate, so as to generate a moder- 
*Wy rapid cnrrent of hydrogen. Allow the gas to pass through 
the apparatus for about two minutes, in order to sweep out all 
Alices of air. While this is going on, you may get ready a 

'Thf jet shown in the figure 15 turned up. This, which is b. slightly 
['"Arable form, may te obtained! by moving the hands, in drawing out the 
Ws, lalerally (the one hand towaiiis, the other from the body). 
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right-angled elbow tube with one long branch, a test-tube haJ/ 
filled with a dilute solution of silver nitrate (5 drops of the 
test-solution to 10 c.c. of water), and one or two pieces of 
clean porcelain, such as, the lid of a crucible, or fragments 
of an evaporating dish. Now test the purity of the gas by 
collecting some in a test-tube held over the jet (see p. 76). 
When you are quite sure that the gas is unmixed with air, you 
may light it at the jet and depress into the flame, for a few 
seconds, one of the pieces of porcelain. If any stain appears 
on the white surface (as may happen if the zinc or hydrogen 
sulphate is contaminated with arsenic) allow the stream of gas 
to pass a little longer, and do not proceed with the experiment 
until the porcelain depressed on the flame remains unstained. 
When this is the case, pour into the flask about two drops of 
the solution of arsenic trioxide. The first effect of this will be 
to increase the evolution of gas, and the flame of the jet will 
shortly become tinged with grey (not unlike the colour imparted 
to flame by the presence of potassium vapour). The compound 
of arsenic with hydrogen is now being formed, and you may 
proceed to decompose it in the three following ways : — 
(a) By the heat produced by its own combustion. 
Place in the flame a clean cold surface of porcelain, such as 
the glazed interior of an evaporating dish, depressing it until it 
almost touches the jet from which the gas is issuing. A black 
spot, consisting of metallic arsenic or of a lower hydride, will 
be formed on the white surface. Two or three of these should 
be made on different parts of the porcelain, and reserved for 
future examination. They are formed for the same reason that 
soot is deposited on a plate held in a candle-flame. The gaseous 
compounds of carbon and hydrogen are decomposed by the 
heat of combustion ; the hydrogen is completely oxidised to 
water, the carbon is only partially oxidised to carbon dioxide, 
the excess of carbon being suspended in the flame and depo- 
sited on any cold surface brought in contact with it Similarly 
in the present experiment the hydrogen of the hydrogen arsenide 
Is oxidised into water, w\ii\e an 2ti^etv\Q. ?»oo\.\^ ^^-^c^^^^d on the 
porcelain. 
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(6) By heat applied to the tube through which the gas is 
passing. 

Place a lamp underneath the tube near the end at which the 
gas enters, and heat that part of the tube to redness. A mirror- 
like ring of arsenic will be deposited just beyond the heated 
portion of the tube, while the flame at the jet will lose its grey 
colour, showing that the arsenic has been arrested in its course 
to the jet. 

(c) By a solution of silver nitrate. 

Detach the tube containing the arsenic deposit, and fit in 
its place the elbow tube, the longer branch of which should 
reach to the bottom of the test-tube containing the solution of 
silver nitrate : the latter may be supported in an upright posi- 
tion by the smallest ring of the retort-stand. Pour, if necessary, 
a little more acid and solution of arsenic trioxide into the flask. 
The solution of silver nitrate will soon become turbid, and 
a black deposit of metallic silver will be formed, while silver 
arsenite will remain in solution in the hydrogen nitrate which 
is formed \ 

The evolution of gas should now be stopped, by taking 
the cork out of the flask and pouring the solution away 
fern the zinc, which latter, after being thoroughly washed, 
may be retained in the flask for a similar experiment with 
antimony. 

You have now three results of the decomposition of the 
hydrogen arsenide, which are to be further examined. 
(a) The spots on the porcelain. 

Dip a glass rod in strong hydrogen nitrate, and moisten one 
<>f the spots with it. The metal will dissolve in the acid, 
especially if the porcelain be gently warmed, and on evapora- 
tion a white residue of hydrogen arsenate will be left. Do not 
raise the temperature beyond the point necessary to drive ofl" 
the excess of hydrogen nitrate, lest the hydrogen arsenate 
should be itself decomposed. Moisten the residue with a drop 
of solution of silver nitrate and again evaporate to dryness. 

* H,As + 9AgN0, + sHjO = Ag3AsO»+ 9HNO»+ sAg^. 

P 2 
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A red deposit of silver arsenate will be left, readily seen on the 
white porcelain ^ . 

(d) The mirror formed in the tube. 

Connect the tube with the calcium chloride drying tube, and 
arrange them as before, when the arsenic mirror was to be 
formed. In place of the hydrogen generating flask attach to 
the drying tube a test-tube fitted with a gas funnel and elbow 
tube, and containing one or two lumps of iron sulphide and 
a little water. Pour down the funnel a few drops of strong 
hydrogen sulphate, just sufficient to liberate a slow stream of 
hydrogen sulphide gas. When the air has been expelled from 
the apparatus, light the gas at the jet (merely to prevent its 
escape into the room), and heat the arsenic mirror by a spirit 
lamp, beginning at its outer border, or that farthest from the 
end at which the gas enters. The arsenic as it volatilises wiU 
decompose the hydrogen sulphide, combining with its sulphur 
and forming a yellow ring of arsenic trisulphide in the cod 
part of the tube, which is very volatile and may be driven about 
from one part of the tube to another by the heat of the lamp. 

(c) The solution containing silver arsenite. 

Filter this from the reduced silver, and test the clear solution 
as directed in Experiment 3 ^, p. 206, by carefully neutralising 
with ammonia, when a yellow stratum of silver arsenite will be 
precipitated at the point where the solution is neutral. 

These reactions should be carefully compared with those of 
antimony, given at p. 215, and it is best so to arrange your 
work that the analogous experiment with antimony should im- 
mediately follow the test with arsenic. 

5. Place about 0.5 grm. of arsenic trioxide in a small evapo- 
rating dish, and pour over it sufficient strong hydrogen nitrate 
to cover it. Heat the mixture, gently over a lamp in the open 
air, or at any rate in some place where there is a sufficient 
current of air to carry off the nitrogen oxides which are evolved. 
Evaporate it to complete dryness, then add some water, boil, 



' If a sufficient excess of stroivg \v>/diog,«\ ti:\\xviX&>Ra& TvG\.\sftKa.-Qs<^,'^^ 
deposit will be yellow, consisling oi s\\vet aisewXa. 



ANTIMONY. ai3 

3»d filter the solution, which now contains hydrogen arsenate, 
fonned by the decomposition of the hydrogen nitrate by the 
aisenic trioxide. Apply the following tests to separate portions 
of the filtrate: — 

(fl) Add a few drops of dilute hydrogen chloride and then 
some solution of hydrogen sulphide. No precipitate will be 
produced, and even on heating only a slight yellow precipitate 
^vill fall. Add to another portion some solution of hydrogen 
sulphite, boil the liquid until it no longer smells of sulphur 
^oxide, and then test with hydrogen sulphide. A yellow pre- 
cipitate of arsenic trisulphide will be formed, the hydrogen 
arsenate having been reduced to hydrogen arsenite by the 
action of the hydrogen sulphite. 

(b) Acidify a portion with hydrogen nitrate, add a few drops 
of solution of silver nitrate, and pour on the solution dilute 
ammonia, as directed, p. 206. A dull red precipitate of silver 
arsenate will form at the point where the solution is neutral. 

if) Add a drop of solution of copper sulphate to another 
portion, and then a drop of potassium hydrate. A blue pre- 
^pitate of copper arsenate will be formed. 

(</) Add a few drops of ammonium chloride to another por- 
^on, then ammonia until the solution is strongly alkaline, and 
lastly a drop of magnesium sulphate. A white crystalline pre- 
^pitate will be formed, very similar in appearance, and analo- 
gous in composition, to the magnesium and ammonium phos- 
lAate, the phosphorus being replaced by arsenic. 
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I. Place a small fragment (about as large as a pea) of me- 
^llic antimony on an anvil and strike it with a hammer. It will 
split to pieces, and may readily be crushed into a fine crystalline 
powder. Put a litde of this powder into a test-tube and pour 
<iver it some strong hydrogen nitrate. Red vapours of nitrogen 
^etroxide will be produced, and the antimony mil be coi\Nei\fc^ 
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into a white substance (the trioxide), but will not dissolve. Put 
some more of the powdered metal into another test-tube, 
add some hydrogen chloride and heat to boiling. The metal 
will dissolve very slowly ; its solution will be hastened by the 
addition of one or two drops of hydrogen nitrate. When the 
action has ceased allow the liquid to cool, and decant the 
clear solution of antimony trichloride into another test-tube 
for use in experiments. 

2. Mix a little antimony trisulphide, or tartar emetic (anti- 
mony -and -potassium tartrate), with sodium carbonate and 
potassium cyanide, and heat the mixture on charcoal before 
the blowpipe. Brilliant globules of metal will be produced, 
which lose their lustre at once on being removed from the 
reducing flame, and white fumes of antimony trioxide are pro- 
duced and form an incrustation on the cool part of the diar- 
coal. Owing to the volatility of the metal, these white fumes 
of oxide are emitted for some time after the globule is removed 
from the flame, especially if a stream of air from the blowpipe 
is directed upon it. When cold, the globule should be detached 
from the charcoal, placed in a mortar, and the pestle pressed 
forcibly down upon it. It will, as already observed in Experi- 
ment I, be crushed to powder instead of spreading out into 
a plate. 

3. Pour a little of the solution of antimony chloride, ob- 
tained in Experiment i, into a test-tube and add two or three 
times its volume of water. A white precipitate consisting of 
antimony oxychloride will be formed. Pour off some of the 
milky fluid into another test-tube and add a few drops of strong 
hydrogen chloride, which will dissolve the precipitate. To the 
remainder of the fluid add some solution of sodium and hydro- 
gen tartrate. The precipitate will in this case also be redis- 
solved. (Compare the reaction of the corresponding bismuth 
salt, p. 204.) 

4. Test another portion of the solution of antimony chloride 
with hydrogen sulphide. A characteristic orange precipitate of 

antimony trisulphide wiW be obXaAive^. KJto« ^\^ \.^.'«<Stof4\^^ 
pour off the fluid, and shake \r^ \?ti^^ ^x^cv^^waxa ^kv^ ^ Vx^^ 
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water. After thus roughly washing it by decantation, divide it 
into two portions: pour on the one portion a little strong 
hydrogen chloride, and heat to boiling; the precipitate will 
dissolve. Digest the other portion with some ammonium sul- 
phide at a gentie heat; the precipitate will readily dissolve, 
but will be again thrown down on addition of a little dilute 
hydrogen chloride. 

5. Place a piece of platinum foil in an evaporating dish; 
put on it a small fragment of granulated zinc, and pour into 
the dish a little dilute hydrogen sulphate or chloride. When 
the evolution of hydrogen has begun from the surface of the 
platinum, add a drop or two of the solution of antimony tri- 
chloride. The antimony will be thrown down on the platinum 
as a black coating, owing to galvanic action. If the black 
deposit is heated with a drop of ammonium sulphide it becomes 
orange. 

6. Set up an apparatus for Marsh's test, and, referring to 
pp. 208-2 1 2, repeat the experiments there given, using the 
antimony salt instead of an arsenic salt. Antimony, like arsenic, 
forms a volatile compound with hydrogen, which may be de- 
<^mposed by heat and silver nitrate, but with results which 
enable us to distinguish it without difficulty from hydrogen 
arsenide. 

{a) The dark spots formed on the porcelain are more like 
soot, and not so brown and lustrous as those of arsenic. They 
kave a white residue when treated with hydrogen nitrate, but 
yield no red deposit with silver nitrated 

{b) An orange-red deposit of antimony trisulphide will be 
formed, close to the mirror in the tube, which is only volatilised 
With difficulty, by the utmost heat of the lamp. 

(c) The whole of the antimony is precipitated as silver anti- 
nionide^. No yellow layer or precipitate, therefore, is seen 
when the filtrate is neutralised by ammonia. Wash the pre- 
cipitate on the filter; then place the filter with the precipitate 

* A black deposit of reduced silver is sometimes formed, if a sufficient 
excess of hydrogen nitrate has not been added. 
' >H,Sb + 3AgN0, « 3HNO, + Ag,Sb. 
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in a beaker and boil it with a little solution of sodium 
hydrogen tartrate together with one or two drops of hydroj 
chloride, when the antimony will dissolve while the silver 
remain as insoluble chloride. Filter the solution and tes 
with hydrogen sulphide, which will give the characteristic on 
precipitate of antimony trisulphide. 

It is obvious that in cases where we have both antimony -t^^j 
arsenic in the same solution this last test gives us a m^^-^jj^ 
of separating the two metals, the antimony being found in ^/^^ 
precipitate produced when the gases are passed into the & ^her 
nitrate solution, while the arsenic remains in solution. 

The two metals may also be discriminated by the difference 
in volatility of their sulphides. When the mirror in the tube is 
heated in a current of hydrogen sulphide, the yellow rin^ of 
arsenic trisulphide is always deposited considerably in advance 
of the orange sublimate of antimony trisulphide. 



1. Granulate some tin, by melting it in an iron ladle or 
in a crucible, and pouring it from- a height into a jug of wat^fi 
as directed in the case of zinc, p. 25. The granulated metal 
may be placed in a funnel, washed with distilled water, allowed 
to drain, and reserved in a bottle for use. 

2. Take a strip of tin (the best tin is usually sold in Strips 
or thin rods), bend it quickly backwards and forwards several 
times, holding it to the ear while doing so. A crackling sound 
will be heard, and the metal will become sensibly warm at the 
point of flexure. Cast tin although to a certain extent malle* 
able and ductile is crystalline in structure, and the cracklii^ 
soiftid and heat is due to the motion of the crystals over each 
other, and their mutual friction. The crystalline structure may 
be rendered evident by immersing the end of a rod of tin in 
a little mercury in a test-tube ; in a few days the rod will b^ 
dissected, as it were, and the faces of the crystals will be 



Ij seen, if the mercury is brushed away. Or, ihe surface of 
:ce of tin plate may be washeH first with alcohol to Tree it 
grease, and then with a mixture of one part of hydrogen 
■ide, one part of hydrogen nitrate, and three parts of water, 
mottled, watered surface thus jH-oduced owes its appear- 
to the unequal reflection of light from the faces of the 
^s. 

Reduce a !i;tle tin dioxide on charcoal before the blow- 
I as directed, p. 137, 

Place a few pieces of grainilated tin, or of tinfoil, in a 

■tube, and pour on them some hydrogen nitrate diluted with 

drops of water. Notice the violent action, the evoJution 

Orange vapours of nitrogen tetroxide, and the formation of 

ite powder, tin peroxide, which is insoluWe in excess of 

acid. 

For the preparation of dn protochloride and perchloride, 
I. 118. The solutions there mentioned may be used in 
following experiinents : — 

Place about 20 c.c. of tin protochloride in a beaker ; 

! it with about 150 c.c. of water, and place in it a strip 

lick sheet zinc, or a zinc rod, suspended by a thread from 

of glass rod or tube lying across the rim of the beaker. 

it undisturbed for a few hours. You will find that 

tin is slowly deposited on the zinc in the form of shining 

,c leaves, while an equivalent weight of zinc enters into 

. Place a few drops of solution of tin protochloride in each 
four test-tubes, dilute it with six or eight times its bulk of 

, and test as follows : — 
(a) Add one drop of sotation of potassium hydrate. A white 
precipitate of tin protohydrate will be formed, which will re- 
dissolve when more potash solution is added. If the solution 
of tin prolochloride contains much free acid it may require two 
or three drops of the solution of potassium hydrate to produce 
a permanent precipitate, the first drops being employed i 
neatmlising the excess of acid. 
(^} Add some so7u!;on of hydrogen sii\p\\\Ae;. K i^YNsi 
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precipitate of tin protosulphide will be formed. Allow 
to subside, wash it once Or twice by decantation, then ^^< 
ammonia to alkaline reaction, and lastly a few drops of scz>] 
tion of ammonium sulphide, and warm the mixture. 'ZSTl 
precipitate will redissolve, if the ammonium sulphide contEt.ii: 
an excess of sulphur, as may be known by its colour b^in^ 
yellow. Now add a few drops of dilute hydrogen chloride to 
the clear solution. A yellow precipitate of tin persulphide will 
be thrown down, instead of the brown protosulphide. 

(c) Add a drop of solution of mercury perchloride. A white 
precipitate of mercury protochloride will be produced, the 
colour of which changes, however, immediately to grey (the 
tin salt being in excess) owing to its reduction to metallic 
mercury. 

(d) Add one drop of tin perchloride, dilute with more water, 
and add a drop of solution of gold perchloride. A brownish 
purple precipitate will be formed, called from its discoverer, the 
purple of Cassius, containing gold, tin, and oxygen, but not, 
apparently, of definite composition. When the solutions are 
very dilute, the colour of the liquid changes to brownish red, 
but no precipitate falls which can be separated by filtration. 

8, Place a few drops of solution of tin perchloride in four 
test-tubes, dilute with water, and apply the above tests to sepa- 
rate portions of the solution. 

(a) A white precipitate of tin perhydrate, or hydrogen stan- 
nate will be formed, which will dissolve, like the protohydrate, 
in excess of the precipitant. 

(d) A yellow precipitate of tin persulphide will be formed, 
more quickly if the solution is warmed. It will dissolve in 
ammonium sulphide, and be reprecipitated unchanged on ad- 
dition of hydrogen chloride. 

(c) No precipitate will be produced. 

(d) No precipitate will be produced. 



. Spread a piece of gold-leaf on a glass plate, to examine 

ansparency. This \vill be most readily done in ihe follow- 

ly. Clean the glass plate, which should be about 15 cm. 

:, with a tuft of cotton-wool dipped in alcohol, dry it with 

n cloth, and lay it flat on the table. Slightly damp the 

! of a paper-knife or a glass rod, and lay it on one edge of 

leaf of gold, to which it will adhere ; you can then transfer 

leaf to the plate and lay it approximately flat on the glass. 

1 the paper-knife from the gold by slightly rubbing it 

nst the glass, and then, still keeping the glass horizontal, 

Ct a gentle stream of water from a wash-bottle under the 

of gold, The water will spread quickly over the glass, and 

f will float on it, losing all inequalities and wrinkles. 

1 have now only to raise very carefully one comer of the 

I, holding a glass tod at the opposite corner to guide the 

» in flowing off, and to absorb the remaining water with 

r-paper, finally holding the plate over a lamp until it is 

ecdy dry. The leaf of gold is left as a perfectly smooth 

on the glass. Hold it up to the light, and notice the deep 

a colour of the transmitted liglit. Examine it with a raag- 

r ; many holes will be seen, and much inequality of thick- 

i but the greater portion of the leaf is a continuous film, 

1 under high magnifying powers. 

, Place a leaf of gold in a test-lube, by placing a damp 
B rod in contact with one edge of the leaf, rolling the latter 
id the rod, then transferring it to the tube and unrolling 
it within. Add about 2 c.c, of strong hydrogen chloride, and 
observe that the metal will not dissolve in the acid, even on 
boiling. Treat another leaf of gold with hydrogen nitrate in 
a similar way; it will also be found to be unacted upon. Now 
mix the contents of the two tubes ; the metal will at once 
disappear, and a yellow solution of gold perchloride will be ob- 
tained Poor this into a porcelain dish, add a fevi ■ma^e Xea-Nes 
•fgold. and a little more hydrogen cUonde, ani e.Niyi\«^ 
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nearly, but not quite, to dryness on a sand-bath. If you wfj 
to drive off the whole of the excess of acid, the evaporatio 
should be finished on the water-bath, since, if the temperature i 
raised much above 200°^ an insoluble protochloride is formed 
For the following experiments a slight excess of acid is of n( 
consequence. Dilute the solution with about 20 c.c. of water 
divide it between four test-tubes^ and try the following re- 
actions : — 

(a) Add some solution of hydrogen sulphide. A black pre- 
cipitate of gold persulphide will be formed, insoluble in hydro- 
gen chloride* Add to the solution in which the precipitate is 
suspended, ammonia in slight excess, and a few drops ol 
ammonium sulphide. The black precipitate will redissolve, 
not very readily, but more quickly on boiling; and will be 
reprecipitated on addition of hydrogen chloride in excess. 

(5) Add some solution of iron protosulphate. The liquid 
will rapidly darken, and metallic gold will be precipitated as 
a brownish powder (the liquid in which the precipitate is sus* 
pended having a blue colour by transmitted light), or if the 
solution is strong, a» a spongy mass. If the quantity of pre* 
cipitate is sufficient, it may be washed by decantation and dried 
in a watch-glass ; if a portion of it be then burnished with di« 
end of a glass rod or of a test-tube^ it will acquire the metallic 
yellow lustre of gold. 

(c) Add a drop of tin protochloride, which will produce a 
purple precipitate. The same reaction, it will be remembered, 
was employed to detect the presence of tin, p. 218. 

It is worth while to preserve all waste solutions containing 
gold in a bottle labelled * Gold Residues.' The contents of th« 
bottle may be treated in the same way as platinum residues 
(See Appendix B.) 



PLATTCniM. 



I. Hold a piece of platinum wire in the hottest part of th 

blowpipe-flame. It will be found to be quite infusible, unlei 

oxygen gas, instead of common ^\x^ be supplied to the blo\ 
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pq)e from a bladder or gas-holder, when the end of the wire 
will be fused into a bead with a slight scintillation. 

2. Measure 6 c.c. of strong hydrogen chloride into a large 
test-tube, add 2 c.c. of strong hydrogen nitrate, drop in a few 
small pieces of thin platinum foil, and heat' the tube on the 
sand-bath. Platinum, like gold, is not soluble either in hydrogen 
chloride or in hydrogen nitrate, but is readily acted upon by 
the chlorine evolved during the mutual decomposition of these 
adds, and dissolves as perchloride. Evaporate the solution in 
a dish, in the open air if possible, observing the same pre- 
cautions as in the case of gold, since an insoluble platinum 
protochloride is formed if the temperature is high. Dilute the 
solution with water and test separate portions as follows : — 

(fl) Add some solution of hydrogen sulphide, and warm the 
Kqdd. A black precipitate of platinum persulphide will be 
fonned, soluble, like gold sulphide, in ammonium sulphide, 
and reprecipitated by hydrogen chloride. 

(^) Add two or three drops of solution of potassium hydrate. 
A yellow crystalline precipitate will be formed, which is not an 
oxide but a double salt containing platinum, potassium, and 
chlorine. 

(f) Repeat the last experiment, using a strong solution of 

Wimonium chloride instead of potassium hydrate. A yellow 

precipitate will be formed in this case, similar in appearance and 

analogous in composition to the potassium compound. Wait until 

It has completely subsided, which result is hastened by shaking 

the mixture and adding a litde alcohol. Filter the liquid, and wash 

the precipitate with water to which has been added one-fourth 

its bulk of alcohol ; then leave it to dry in a warm place, while 

the other experiments are proceeding. JVhen it is dry, detach 

some of it from the filter, place it in a porcelain dish, and heat 

it strongly over a lamp. All the ammonia and chlorine will 

be driven off, and a grey spongy mass of metallic platinum 

will be left. This spongy platinum, as it is called, possesses 

in a high degree the property of causing certain chemical 

XMnbinations to take place. Thus, if a small strong glass jar 

« fiUedwIth a mixture of oxygen and hydrogen gases, in the 
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proper proportions to form water (see p. 74), and, instead . 
a lighted match, a small piece of spongy platinum be intrc 
duced, the gases will explode. Another method of illustrating 
this property of platinum, is the following : — Cut off the lowei 
part of the filter, 'containing the rest of the precipitate, fold it 
up, and coil a piece of platinum wire closely round it, and then 
hold it in the flame of the lamp until the salt is decomposed. 
Prepare some hydrogen according to the directions given in 
Part II, Sect. 2, Ex. 2, adapting to the generating-flask the 
glass jet mentioned at p. 76. Allow a stream of gas to escape 
for at least a minute, in order to expel the air and test the 
purity of the gas, p. 76. When pure hydrogen is issuing 
from the jet, hold a little in front of it the residue of spongy 
platinum remaining in the coil of wire. It will become red- 
hot, and will ignite the gas at the jet. Extinguish the flame, 
and hold the platinum some little distance from the jet, in 
the path of the stream of gas, supporting beyond it a clean 
glass beaker. The latter will be covered with dew, showing 
that the platinum has caused the hydrogen to combine with 
the oxygen of the air, although the combination is not so rapid 
as to evolve heat enough to inflame the gas. If the platinum 
is held in a stream of ordinary coal gas, combination takes 
place and the b^U becomes hot, but the temperature does not 
rise high enough to inflame the gas, as in the case of pure 
hydrogen. 

Instead of taking the filter, as above directed, a few fibres 
of asbestus may be pressed into a ball, confined in a coil of 
platinum wire, dipped in the moist precipitate, and, lastly, 
ignited gently. 

Another instance of chemical combination produced by pla- 
tinum is the oxidation of alcohol or ether. Pour a few drops 
of ether into a beaker or wine-glass, and cover the glass 
partially with a card, to the centre of which is attached the 
platinised ball (or a coil of platinum wire) previously heated 
to redness in a lamp, so that it may hang down within the 
glass. Pungent vapours of aldehyd are at once produced, and 
this compound is further oxidised to hydrogen acetate. 
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(d) Platinum may be obtained in a state of division still 
finer than platinum sponge — in particles so fine, in fact, that 
they almost cease to reflect light, and form a black impalpable 
powder. The readiest method of preparing * platinum black ' 
is to add excess of sodium carbonate to platinum perchloride, 
and then to boil the liquid with a little grape sugar. Carbon 
dioxide is evolved with strong effervescence, and a black powder 
is formed (gradually, if the solution is dilute) which should be 
washed by decantation successively with dilute alcohol, hydro- 
gen chloride, potassium hydrate, and finally water, and then 
dried at a gentle heat. This powder is still more effactive than 
spongy platinum in producing chemical combination. 



ZINC. 

1. Take a strip of sheet zinc about 20 cm. in length, hold 
it by its extremities and bend it double; notice that it is stiff, 
and requires some little force to bend it. Now heat it in the 
niiddle gently over a lamp, and observe that its pliability is 
greatly increased. If, however, it is still further heated it be- 
comes quite brittle as the temperature approaches its melting- 
point. 

2. Place 0.5 grm. of granulated zinc (p. 26) in a test-tube, 
ind pour over it about 10 c.c. of dilute hydrogen chloride. An 
effervescence will commence owing to the liberation of hydro- 
gen (Part I, Sect. 2, Ex. 2). While the solution of the metal 
is proceeding, you may go on to the next experiment. A little 
more strong hydrogen chloride should be added when the 
action becomes slow. 

3. Heat a small fragment of zinc on charcoal in the hottest 
part of the blow-pipe flame. It will, when the heat rises to full 
redness, begin to burn with production of zinc oxide, light 
flakes of which will be swept away by the current of air, but 
the greater part will remain on the charcoal, as an incrustation 
which is yellow while hot, white when cold. Moisten this in- 
crustation with a drop of solution of cobalt nitrate on the end 



2iZ4 EXAMINATION OF PROPERTIES OF 

of a glass rod, and heat it again before the blowpipe. Tl 
mass will now acquire a fine green colour. 

4. Pour the contents of the test-tube used in Experiment 
into a small porcelain dish, and evaporate to dryness on i\ 
sand-bath in order to drive off any excess of acid. Warm tl: 
white residue of zinc chloride with 20 c.c. of water, filter tk 
solution, and test portions of it as follows: — 

(a) Add to one portion a drop of solution of potassiim 
hydrate, A white precipitate of zinc hydrate will be forme 
which will readily redissolve on addition of a few more drc^ 
of the solution of potassium hydrate. Divide the clear liqu 
into two parts: 

(a) To one portion add a drop or two of solution 
hydrogen sulphide. A white precipitate of zi 
sulphide will be formed. 
(i3) To the other portion add about half its volume ( 
solution of ammonium chloride, and warm th( 
mixture: no precipitate will be formed ^ (Compare 
the reactions of aluminiirai, p. 240.) 
(3) Test another portion of the solution of zinc chloride 
with a drop of solution of ammonium sulphide. A white pre- 
cipitate of zinc sulphide will be formed, which will readily 
dissolve on addition of a drop or two of dilute hydrogen 
chloride. 

5. Make a solution of lead acetate by dissolving 10 grais. of 
the salt in 200 c.c. of water, with addition of a few drops of 
hydrogen acetate. Place the filtered solution in a wide-mouthed 
bottle, and suspend in it a strip of thick sheet zinc, or, better, a 
rod of the metal the size of a pencil I A short piece of glass 
tubing should be laid across the mouth of the botde, from 
which the zinc may be suspended by a piece of string, so that 
it may not touch the bottom of the bottle. Leave the whole 

^ If the potassium hydrate contains aluminium, or silicon hydrate, a pi^ 
dpitate will, of course, be formed (see p 1 29). 

* As the shape of the rod is immatenal, it may be easily made by mdtjng 
some zinc in a ladle, and casting it in a shallow troi^h formed by PJ*^"? 
a thick pencil or a piece of glass tube into a mass of fine slightly moistened 
sand, or clay. 
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blue precipitate is formed as in the last experiment, but it will 
redissolve in excess of the precipitant, a reddish brown solution 
being formed. 

(?) Add to another portion solution of potassium cyanide, 
drop by drop. A light red precipitate of cobalt cyanide will 
be at first formed, but will readily dissolve in excess of potas- 
sium cyanide. Divide the solution into two parts. To the one 
add excess of dilute hydrogen chloride ; cobalt cyanide will be 
precipitated. To the other portion add a few more drops of 
the solution of potassium cyanide, and then one or two drops 
of dilute hydrogen chloride, but not sufficient to produce a 
permanent precipitate : boil the solution for two or three 
minutes, allow it to cool, and then add excess of dilute hydro- 
gen chloride. No precipitate will, in this case, be produced ; the 
reason being that, when a solution of cobalt cyanide in potassium 
cyanide is boiled in presence of free hydrogen cyanide (which 
you have formed by adding the one or two drops of hydrogen 
chloride), potassium cobalticyanide (corresponding to potassium 
femcyanide) is formed, which is not decomposed by dilute acids. 



"NICKEL. 

1. Make a borax bead, add to it a minute quantity of nickel 
sulphate, and heat it in the oxidising flame. A reddish brown 
colour will be imparted to the bead, and when it is heated in 
the reducing flame it will become grey and turbid. 

2. Dissolve I grm. of nickel sulphate in 30 c.c. of water, and 
test portions of the solution in precisely the same way as you 
tested the cobalt salt. 

(a) With solution of hydrogen sulphide. No precipitate will 
be formed until ammonia is added, when a black precipitate 
of nickel sulphide will be produced. 

(b) With solution of ammonium sulphide. The nickel sul- 
phide will dissolve sparingly in excess of ammonium sulphide, 
forming a dark brown solution. In other respects it resembles 
cobalt sulphide. 
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{c) With solution of potassium hydrate. A light green pre- 
cipitate of nickel hydrate will be formed, which is not altered 
when the solution is boiled. 

{d) With solution of ammonia. The green precipitate will 
readily dissolve in excess of the precipitant, forming a blue 
solution, but it is reprecipitated from this solution on addition 
of solution of potassium hydrate. 

(e) With solution of potassium cyanide. The yellowish green 
precipitate of nickel cyanide is readily dissolved by excess of 
the precipitant, and is reprecipitated by excess of dilute hydro- 
gen chloride, even after the solution has been boiled. No salt 
analogous to a cobalticyanide appears to be formed in the case 
of nickeL 



1. Clean a small strip of sheet iron with a file or with emery- 
paper, until it shows a bright metallic surface ; then hold it 
with a pair of pliers or crucible tongs in the flame of a Bunsen's 
burner or spirit lamp. The surface will soon lose its lustre, 
becoming in succession light yellow, orange, blue, and finally 
dark grey, owing to the formation of an extremely thin film of 
oxide. If the strip of iron be maintained at a red heat in 
an ordinary fire for about ten minutes, the film of oxide will 
increase in thickness, and will be detached in the form of black 
scales when the iron is quenched in cold water. These scales 
consist of the same iron oxide as that which was formed when 
the watch-spring was burnt in oxygen gas (p. 68). When 
a magnet is brought near them they will be attracted by it ; and 
this oxide, from this property and from its identity in composi- 
tion with the native loadstone, is called the magnetic oxide, 

2. An experiment illustrating the combination of sulphur with 
iron is given at p. 179. 

3. Take a moderately stout steel knitting-needle ; notice 
that you can file it flat, and bend it into a loop with the pliers, 
without much difficulty, although it is harder and stiffer than 
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iron wire of the same thickness. Heat 2 or 3 cm. at the end 
of it to redness in the lamp-flame, and while it is red-hot, 
plunge it quickly into a beaker of cold water. If you now 
attempt to file it, you will find that the file glides over the 
surface without cutting into it, and, instead of bending, it will 
break short oflf, like a piece of glass. The sudden cooling has 
rendered it extremely hard and brittle ; but if it be again heated 
to redness and allowed to cool very slowly it will be found to 
have regained its former properties of softness and pliability. 
Between these two extremes any intermediate degree of hard- 
ness may be imparted to steel by the process of tempering. 
To illustrate this process, you may take a piece of thick watch- 
spring, straighten it as directed p. 68, harden it in the manner 
above mentioned, and then lay it flat upon a piece of board 
and rub it with a piece of moistened whetstone (or with a bit 
of wood dipped in fine emery made into a paste with water) 
until it becomes quite bright. Now lay it upon a strip of sheet 
iron and heat it again very carefully, holding it at some distance 
above the flame. The surface of the steel will soon begin to 
show the same succession of tints as the iron in Experiment i, 
passing from yellow to orange and blue. When it has just 
reached this latter tint, plunge it into cold water, to stop any 
farther action of the heat You will now find that it has 
regained the properties of the original watch-spring; that it 
is stiflF and elastic, and that its surface can be filed away, though 
with difl&culty, and much to the damage of the file. We have 
in the various colours of the film of oxide a guide to the 
amount of heat communicated to the hardened steel, which 
becomes softer in proportion as it is more strongly heated. If 
the application of heat had been stopped when the surface be- 
came straw-yellow, the hardness would have been less reduced, 
and the temper would have been such as is required for razors 
^d tools for cutting steel. 

4- Obtain a thin piece of cast-iron (a fragment of a broken 
saucepan will do), place it on an anvil and strike it forcibly 
^ a hammer. The cast-iron, unlike wrought iron, will break 
wto pieces, the surfaces of the fracture showing a crystalUsva 



332 



EXAMINATION OF PROPBHTItS i 



structure, which should be compared with the fibrous structure i 
iron wire observed when a thick piece of the latter is placed in 
vice and broken by being repeatedly bent in opposite directioDS. 
Place 3 or 4 grms. of cast-iron (crusheJ into small fragments^ .j 
or of iron filings, in a large test-tube, and add 8 or lo 
dilute hydrogen sulphate. An action will begin almost in 
ately, hydrogen gas being given off with effervescence. I 
sence may be recognised by holding a lighted match to the 
of the tube, when the gas will take fire with a slight explosJOT 
Observe the strong, peculiar smell of the gas, which js owiijf 
to tlie presence of small quantities of some volatile corapoundij 
of carbon and hydrogen. Leave the tube in q warm plact 
an hour or two, occasionally adding a few drops of strong lif-i 
drogen sulphate when the action becomes slow. After all 
heavy metallic particles have disappeared, there will stUI reir 
floating in the liquid some black flakes, which consist ofj 
graphite. Filter the solution into an evaporating dish, and tote 
centrate it until a drop placed on a watch-glass deposits ciyat*) 
on cooling ; then cover the dish with a piece of filter-pipet;, 
and leave it undisturbed to cool Light green crystals of iron 
protosuiphate (ferrous sulphate) will be formed, which may bt ' 
placed in a funnel to drain, washed from the mother liquor bj 
a little distilled water, dried on blotting-paper, and kepi is 
a closely -stoppered bottle. 

5. Take a piece of fine iron wire (the finest is the purest) 
about 20 cm. in length ; clean it from rast, if necessary, by 
drawing it between folds of emery-paper, form it into a small 
close coil, and place it in a test-tube to which you have fitted 
a cork in the side of which a small nick has been cut to aUo* 
gas to escape. Pour on the iron wire about 9 or 10 cc 
dilute hydrogen sulphate, cork the test-tube and leave it in 
stand, while you proceed with the two following experiments,.' 

6. Place a crystal of iron protosuiphate in a small bulb-tabci' 
and heat it strongly in the flame of a Bunsen's burner. 
iah will first mek in Ua "waler o^ c,T-j%\a.ttmliQo, then it will 
^hite, give off aqueous vav^^"^' ^''^^ \'»-'i'*'5 , ^s, fee Vtaisijiawjro, 
ses nearly to redness, \l Via detomvo**, ^-thi.^ ' ~ 
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sulphdr dioxide and trioxide, which will redden litmus-paper 
held at the mouth of the tube, and a red powder will be left 
behind, which consists of iron peroxide, or * rouge.' 

7. Crush a crystal of iron protosulphate to powder in a 
mortar. Form a bead of borax in a loop of platinum wire (see 
p. 140), and while the bead is still hot bring it in contact with 
the powdered iron salt, so that it may take up a very minute 
quantity of the latter. Heat the bead again, holding it near the 
tip of the blue flame imtil the iron salt is dissolved, then bring 
it into the oxidising flame and hold it there steadily for a few 
seconds. On withdrawing it from the flame, you will find that 
(if the right proportion of iron has been taken) it is orange- 
coloured while hot, becoming light yellow as it cools. In the 
next place, heat it in the reducing flame for half a minute ; its 
colour will now be found to have changed to a dull green (like 
that of bottle-glass), which becomes palei* on cooling. 

8. The iron wire which you placed in dilute hydrogen sul- 
phate a short time ago will now have dissolved in sufficient 
quantity to enable you to examine the properties of iron salts 
with the solution. Iron forms at least two series of salts : 

{a) The proto- or ferrous salts. 

{6) The per- or ferric salts. 

The former class are converted into the latter class of salts, 
when their solutions are placed in contact with air, with such 
facility that special precautions are necessary in order to ob- 
tam them in a pure state. You have in the test-tube in 
which iron is being acted upon by hydrogen sulphate, (the 
metal being in excess, and air being excluded by the loosely 
fitting cork,) a solution of the protosulphate alone. Pour oflf 
one half of the solution into a porcelain dish, replacing the 
cork as quickly as possible ; heat the dish gently over the lamp, 
and add dilute hydrogen nitrate, drop by drop, as long as 
a transient brown colour is produced in the solution. Leave 
the dish exposed to a gentle heat (in order to drive off any 
excess of hydrogen nitrate) for some minutes, while you 
examine the properties of iron protosalts in the remainder 
of the solution, as follows: — 
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(a) Pour into a test-tube about 2 c.c. of solution of hydrogen 
sulpliide, and add about two drops of the solution of iron proio- 
sulphate '. No change of colour or precipitation will o 

{^) To the contents of the same test-lube add solution of 
ammonia to alkaline reaetioa A black precipitate of iron 
protosulphide will be formed, which will readily dissolve c 
addition of a drop or two of dilute hydrogen chloride. 

(c) Pour into another test-lube a few drops of solution of 
potassium hydrate, add a littk water, and then a drop o 
of the solution of iron protosulphate. A greyish white flocculed 
precipitate of iron protohydrale will be formed, which, if lh( 
tube be shaken for half a minute, will rapidly become darker, 
and be finally converted into a reddish brown perhydrale, hj 
absorbing oxygen from the 1 

(■/) Pour into another test-tube a little solution of potassiiffl 
ferrocyanide, add water, and then a. drop of the solution i 
iron proiosulphate. A precipitate will be formed which is at 
the first moment nearly white, but rapidly changes to deeper 
and deeper shades of blue, when the test-tube is shaken, « 
when the solution is poured backwards and forwards e 
- times from one test-tube to another. 

(e) Repeat the last experiment, using potassium ferricyomdll 
instead of ferrocyanide. A deep blue precipitate will be at; 
once formed, and will undergo no further change in the air. 

(y) Repeat the last experiment, using potassium suljAft 
cyanate instead of ferricyanide. No change will take place ( 
first in the solution, but on shaking the test-tube the liquid n 
become light red, and eventually of the colour of dark shenj 
The appearance of this red colour is an extremely delicate tt 
for iron persalts. 

9. Four into a test-tube the solution of iron salt which h 
been heated with hydrogen nitrate ; notice that it has a y 
colour, while the original solution was nearly colourless ; fti 
a little water, and exaiiune portions of the solution vrith B 
tests given in the laal espcnment. 
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(a) The liquid will become milky, owing to precipitation 
of sulphur, and will lose its yellow coloiu*, the persalt being 
reduced to protosalt. 

(5) On addition of ammonia a black precipitate of iron proto- 
sulphide will be formed, soluble in dilute hydrogen chloride. 

(c) A reddish brown precipitate of iron perhydrate will be 
formed, which will undergo no change in the air. 

(d) A deep blue precipitate (Prussian blue) will be formed. 

(e) No precipitate will be formed, but the colour of the 
solution will become brown (or green if the solution of potas- 
sium ferricyanide has been made for some time, a small 
quantity of ferrocyanide being formed in such a case). 

(/*) No precipitate will be formed, but the colour of the 
solution will become intensely red, 

10. We have seen that iron protosalts can be converted into 
persalts by the action of hydrogen nitrate. The same change 
inaj be effected by other oxidising agents. Pour the re- 
Diainder of the solution of iron protosulphate into a test-tube, 
and add a few drops of solution of chlorine. The solu- 
tion will now give the characteristic reactions of iron persalts, 
^. a deep blue precipitate with potassium ferrocyanide, and an 
intensely red liquid with potassium sulphocyanide. 

11. We have seen from Experiment 9 a, that hydrogen 
sulphide is decomposed by iron persalts, the protosalt being 
formed. Other reducing agents may be employed to produce 
^e same effect. Hydrogen in the nascent state is one of the 
^^ for the purpose. Add a few drops of dilute hydrogen 
sulphate to the remainder of the solution of iron persulphate, 
place a fragment of granulated zinc in the solution, and close 
the tube with a cork having a nick cut in its side. Hydrogen 
^ be evolved by the action of the zinc on the acid, and the 
solution will gradually lose its colour, and will give the reactions 
of iron protosalts, viz. a deep blue precipitate with potassium 
ferricyanide, and a colourless solution with potassium sulpho- 
cyanate ^ 

•/ "^ presence of the zinc salt will not interfere with these reactions, 
"the solution contains hydrogen sulphate. 
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12. Dissolve a crystal of iron protosulphate in a little water, 
and leave it exposed to the air for a short time; filter the 
solution if necessary, and add one or two drops of infusion of 
nut-galls, or solution of hydrogen gallate (gallic acid). A black 
precipitate will be formed, which will, if a little gum-water be 
added, remain for a long time suspended in the liquid. Ordinary 
writing ink is thus made. 
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1. Make a borax bead, add to it a very minute quantity 
of potassium chromate, and heat it in the oxidising flame. 
The colour of the bead, on cooling, will be emerald green, 
and will not be altered in the reducing flame. 

2. Dissolve 1.5 grm. of potassium chromate in 50 c.c. of 
water, and test portions of the solution as follows : — 

(a) Add to a portion a drop of solution of silver nitrate. 
A purple-red precipitate of silver chromate will be formed, which 
will readily dissolve on addition of a few drops of hydrogen 
nitrate. 

(3) Add to another portion a drop of solution of lead acetate. 
A bright yellow precipitate of lead chromate will be formed 
Pour off a portion of the liquid in which the precipitate is 
suspended into another test-tube, add some solution of potas- 
sium hydrate, and warm the mixture; the lead chromate will 
dissolve. 

{c) Place a small fragment of barium peroxide^, about as 
large as a pea, in a mortar, pour upon it 3 or 4 c.c. of dilute 
hydrogen chloride, and grind them together until the peroxide 
has entirely dissolved. A slight effervescence will probably 
be noticed, owing to the escape of oxygen, and a solution 
containing barium chloride and hydrogen peroxide will be 
obtained. 

^ For the method of making this substance, see p. 243. 
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Place about one-third of this solution in a test-tube, and 
add one or two drops of the solution of potassium chromate 
acidified with hydrogen chloride. The colour of the solution 
will change to a deep blue, but in a secpnd or two this 
will disappear, while oxygen is given off with effervescence, 
ind a pale green solution will be obtained. These changes of 
:olour are due to the formation of a higher chromium oxide, 
vhich is very unstable, and decomposes, when hydrogen chloride 
s present, into oxygen and chromium chloride. This blue 
chromium oxide (of which the constitution is uncertain) is 
nuch more stable when dissolved in ether. To illustrate this, 
idd to another portion of the solution of potassium chromate 
Jufficient ether to form a stratum about i cm. in depth ; pour 
Ji some more of the solution of hydrogen peroxide, close the 
oaouth of the test-tube with the thumb, and shake the mixture, 
[fit is now allowed to remain undisturbed for a minute, the 
sther will rise to the surface, forming a magnificent blue 
stratum, while the liquid below is nearly colourless. 

{d) Acidify another portion of the solution of potassium 
-hromate with hydrogen chloride, and add excess of solution 
3f hydrogen sulphide. A white precipitate of sulphur will be 
formed, and the red colour of the solution will change to pale 
?reen, owing to the reduction of the chromate, and formation 
3f a chromium salt. 

[i) A similar reduction of chromates is eflfected by other 
3xidisable substances, e. g. alcohol. Add to another portion 
[about 10 c.c.) of the solution of potassium chromate, a few drops 
3f dilute hydrogen chloride, and a little alcohol, and warm the 
lOixture. Vapours of aldehyde will be evolved, which may be 
recognised by their peculiar pungent smell, and a green solution 
?f chromium chloride will be obtained. Pour the liquid into 
1 dish and evaporate it on the sand-bath until all the excess of 
hydrogen chloride and of alcohol is driven off; then dilute it, 
if necessary, with water, and reserve it for testing in Experi- 
ment 4, below. 

3. Dissolve 3 grms. of potassium dichromate in about 15 c.c. 
^f hot water in a flask, and set it aside to cool, when a portion 
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of the salt will be deposited. Measure 15 c.c. of the cold 
saturated solution into a large test-tube, and place the latter in 
a dish of cold water. Measure 20 c.c. of strong hydrogen 
sulphate, and add it to the solution of potassium dichromate. 
Chromium trioxide will be deposited in crimson needles, since, 
while it is soluble in strong hydrogen sulphate and in water, it 
is insoluble in a mixture of the two made in the proportions 
above indicated. Cover the beaker with a watch-glass, and 
set it aside until the precipitate has subsided ; then pour off the 
liquid carefully, and scrape out the crystals with a platinum 
spatula or glass rod upon a dry porous tile or clean brick. Cover 
them with an evaporating dish, and leave them until the liquid 
has been absorbed as far as possible by the bricL Ten 
minutes will generally be sufficient for this purpose, and as the 
chromium trioxide is very deliquescent it should be protected 
as far as possible from the air, and not left longer than is 
necessary on the brick. When it is dry the following experiments 
may be tried with portions of it ; the remainder, if the crystals 
are good, may be kept as a specimen in a small stoppered 
bottle, or in a stout test-tube, hermetically sealed, p. 37. 

(a) Heat a portion of the chromium trioxide on a piece 
of platinum foil over a lamp. The substance will melt, and 
on being further heated will decompose with incandescence, 
leaving a green residue of chromium sesquioxide, while oxygen 
is given off. 

{d) Pour one or two drops of strong alcohol into a bottle, 
shake it up so as to diffuse the vapour ; then throw into the 
bottle some • of the chromium trioxide. The latter will he 
reduced to sesquioxide, the action being occasionally so violent 
as to set the alcohol on fire. 

4. Dissolve 0.5 grm. of chrome alum in 25 c.c. of water ^ and 
examine its properties as follows : — 

(a) Add to a portion of the solution a drop of ammonium 
sulphide. A light bluish green, gelatinous precipitate of 

* Instead of chrome alum, the solution of chromium chloride, obta»«^ 
^n Experiment 2 e, may be used. 
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chromium hydrate, and not chromium sulphydrate, will be 
formed. 

(b) To another portion add, drop by drop, solution of potas- 
sium hydrate, shaking the mixture after each addition. The 
diromium hydrate, which is at first precipitated, will readily 
dissolve in excess of potassium hydrate to a clear green fluid. 
Boil this fluid for two or three minutes ; it will become turbid, 
and eventually the whole of the chromium hydrate will be 
reprecipitated, in a form in which it is no longer soluble in 
potassium hydrate. 

5. Reduce a small crystal of chrome alum to powder in 
a mortar, and mix with an equal quantity of sodium car- 
bonate and about one-fourth the quantity of potassium nitrate. 
Fuse the mixture, over the gas blowpipe, on a piece of porcelain 
(or on platinum foil, since the proportion of nitrate is small), and 
boil the yellow fused mass, when cold, with a little water. You 
^ obtain a yellow solution containing a chromate, since the 
chromium has been oxidised by the potassium nitrate and the 
air. To prove the presence of a chromate, apply to the solution 
the tests given in Experiment 2 a and b, remembering to 
decompose the excess of sodium carbonate which is present, 
by adding a little hydrogen acetate until there is no further 
effervescence, and boiling the solution. 



AIiUMLNlUM. 



I. If you can obtain a few pieces of leaf-aluminium you may 
try the following experiment, which illustrates its combination 
^th oxygen : — 

Take a cylindrical gas jar, about 18 cm. in height, place in 
^ two or three leaves of aluminium, cover it with a card, and 
^ it with oxygen by displacement, passing the gas through 
* bent tube which reaches the bottom of the jar. When it 
^ fcn of the gas, take in the crucible tongs a small bit of tinder 
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or of a cigar-light (p. 68), light it, and (having removed the 
card) drop it upon the leaves of aluminium. They will bum 
with a brilliant flash, and a white powder (aluminium oxide) 
will be formed. 

2. Place a small crystal of aluminium and ammonium sul- 
phate (ammonia alum) in a cavity cut in a piece of charcoal, 
and heat it in the hottest part of the blowpipe-flame. The 
salt will at first swell up like borax, white fumes of am- 
monium sulphate and hydrogen sulphate will then be given off, 
and finally a white infusible incandescent residue of aluminium 
oxide will be left on the charcoal. Allow this to cool, then 
moisten it with a drop of solution of cobalt nitrate (transferred 
from the bottle on a glass rod), and ignite it again for several 
seconds. The mass, when cool, will be found to have acquired 
a bright blue colour ^. 

3. Dissolve 5 grms. of re-crystallised alum (p. 47) in 50 c.c. 
of water, and use the solution in the following experiments 
(the presence of ammonium in the alum will not interfere with 
the tests) : — 

Pour a few drops of the solution into a test-tube, dilute with 
water, and add solution of potassium hydrate, drop by drop. 
A white gelatinous precipitate of aluminium hydrate will be 
formed at first, but on addition of more potassium hydrate it 
will readily redissolve. Divide the solution into two parts : 

{a) To one portion add one or two drops of solution of 
hydrogen sulphide. No precipitate will be produced, since 
aluminium sulphydrate is not formed in presence of water. 

(d) To the other add about half its volume of solution of 
ammonium chloride, and warm the mixture ; aluminium hydrate 
will be precipitated. 

4. To another portion of the solution of alum add a few 
drops of solution of ammonium sulphide. A gelatinous pr^" 
cipitate will be formed, consisting of aluminium hydrate and 
not aluminium sulphydrate. 

* This reaction, however, is not absolutely characteristic of aluminiu'''*' 
since some silicates, calcium phosphate, and one or two other substances 
behave in a similar way. 



I 
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Add some solution of cochineal to another portion of the 
solution of alum ; then add enough ammonia to precipitate all 
the aluminium as hydrate, and filter the liquid. The filtrate 
will be quite colourless, the colouring matter of the cochineal 
being retained on the filter in combination with the aluminium 
hydrate, forming one of the 'lakes' used in painting. This 
affinity of aluminium hydrate for colouring matters is of great 
importance for dyeing purposes, and the use of aluminium 
salts as mordants may be illustrated in the following way:— 

6. Dissolve 3 grms. of lead acetate in about 10 c.c. of water, 
adding a few drops of hydrogen acetate if the solution is turbid. 
Measure 30 c.c. of the solution of alum into a beaker and add 
to it the solution of lead acetate. Warm the mixture and let 
it stand for a short time to allow the precipitate of lead sul- 
phate to subside, then filter it. The filtrate contains aluminium 
acetate, together with a small quantity of undecomposed alum, 
and is the solution which is usually employed in dyeing. Dip 
one half of a strip of white cahco in the solution, and hang it 
up to dry in a warm place, until the next day. During the 
process of drying, the aluminium acetate is decomposed, hydro- 
gen acetate being given off, and aluminium hydrate being 
deposited in the fibres of the calico. Warm some moderately 
strong solution of cochineal or logwood in an evaporating dish, 
immerse the strip of calico, and heat the liquid to boiling for 
about ten minutes ; then take out the calico, and wash it 
thoroughly in several changes of water. The part of it which 
was soaked in the 'mordant' solution will be found to be 
permanently dyed, while all the colouring matter will be washed 
out of the other portion. 

Instead of this solution, we may use a solution obtained by 
adding sodium carbonate to about 25 c.c. of the solution of 
alura until the precipitate of alumina formed is no longer re- 
dissolved on agitation. If a little gmn arable is added to the 
liquid, patterns or letters may be drawn with a paint-brush upon 
the calico, and will be permanently punted ■«\vftTi «!i'a.%s.4 -is. 
above. 
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BABIIJM. 

1. Dissolve I grm. of barium chloride in 25 c.c. of water 
and examine separate portions of the solution as follows : — 

(a) Hold a loop of platinum wire in the flame of a Bunsen'j 
burner, or, better, of a gas blowpipe until it no longer impajrts 
any colour to the flame ; dip it into the solution of barixiur 
chloride, and hold it again in the flame. The barium salt will 
as it volatilises, impart to the flame a bright green colour. 

(d) To a portion of the solution add a drop of solution, ol 
ammonium sulphide. No precipitate will be produced. 

(c) To another portion add a drop of solution of ammoaiiim 
carbonate. A white precipitate of barium carbonate will be 
formed, which will readily dissolve, with evolution of car"bon 
dioxide, on addition of a few drops of dilute hydrogen chloride. 

(d) To another portion add about one-third its volume of 
solution of calcium sulphate. A white precipitate of barium 
sulphate will be immediately formed. 

The same reaction has already been employed to detect the 
presence of a sulphate (p. 182). 

(e) To another portion add a few drops of solution of hydro- 
gen and silicon fluoride. A crystalline precipitate of barium 
and silicon fluoride will be produced. 

2. Place a small lump of barium oxide in a test-tube, and 
pour on it a few drops qf water. If the barium oxide is pure, 
and has not been exposed to the air, it will swell up, evolving 
much heat as it combines with the elements of the water to 
form barium hydrate. (Compare the action of water on calcium 
oxide, p. 48.) Pour about 8 or 10 c.c. of water upon the mass, 
heat it to boiling, and filter it while hot into a clean test-tube. 
Crystals of barium hydrate will be deposited as the liquid cools, 
since the salt is much more soluble in hot than in cold water. 
Observe also the alkaline reaction of the solution on reddened 
litmus and turmeric-paper. 

3. Place a small lump of barium oxide in a mortar, grind it 
to powder, then add rather more than the same quantity of 
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potassium chlorate, and mix the two substances intimately with 
the pestle. Place the mixtm'e in a small porcelain cracible, 
and heat it rather strongly over a Bunsen's burner. A low 
incandescence will spread through the mass, the barium oxide 
burning in presence of the chlorate (precisely in the same way 
as carbon or any other combustible body) with formation of 
barium dioxide^. Allow the semi-fused mass to cool, then 
detach it from the crucible and grind it to a fine powder in 
a mortar, adding, finally, sufficient water to make a thin paste. 
Pour into the mortar about 5 or 6 c.c. of dilute hydrogen 
chloride, and mix it quickly with the semi-fluid mass, which 
ought to dissolve readily and completely ; if not, a little more 
hydrogen chloride must be added at once. A slight effervescence 
will take place, owing partly to the presence of carbonate as 
an impurity in the barium oxide, partly to the decomposition 
of the dioxide with evolution of oxygen gas. If, however, the 
hydrogen chloride is kept in excess, the amount of decompo- 
sition is small, and a solution is obtained containing barium 
chloride and hydrogen dioxide^. The following experiments 
lUay next be made with the solution : — 

{a) Render a portion of it alkaline with solution of barium 
hydrate, and filter it quickly into a clean tube from the pre- 
cipitate of iron hydrate and aluminium hydrate which will be 
foraied, since common barium oxide is never free from these 
^xupurities. Add a little more solution of barium hydrate, and 
shake the mixture. Brilliant pearly scales of barium dihydrate 
^^fiSi be gradually formed. 

{b) Add a few drops of the solution to some very dilute solution 
of potassium iodide acidified with hydrogen chloride. Iodine will 
he liberated by degrees, colouring the liquid yellow, and giving 
^e characteristic blue compound if a little solution of starch 
is added. 

(c) Add a litde of the solution to some solution of potassium 
p€nnanganate. The liquid will become colourless, a man- 

* 3BaO + KC10, - 3BaO, + KCl. 

' Ba O, + a H CI = Ba Cla + Ha Oj. Potassium chloride is, of course, also 
Present. 
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ganese protosalt being formed, while oxygen is evolved wLt' 
effervescence. The hydrogen dioxide has here acted as 
reducing agent, although in Experiment d we saw that it act^ 
upon an iodide as an oxidising agent ^. (Compare its acti<:3: 
on chromates, p. 236.) 



STKONTIUM. 



1. Dissolve I grm. of strontium nitrate in 25 c.c. of water, 
and repeat with the solution the experiments which you made 
with the barium salt, carefully noticing the points in which tlie 
two substances differ and agree. 

(a) When heated in the lamp-flame. A deep crimson colour 
will be imparted to the flame. 

(d) Tested with ammonium sulphide. No precipitate will be 
produced. 

(c) Tested with ammonium carbonate. A white precipitate 
of strontium carbonate will be formed, soluble in dilute hydro- 
gen chloride. 

(d) Tested with calcium sulphate. No precipitate wiH be 
formed at once, but after the lapse of some minutes a white 
precipitate of strontium sulphate will gradually appear. 

(e) Tested with hydrogen-and-silicon-fluoride. No precipitate 
will be formed, unless the test solution is impure (see p. 121). 

2. Place about i grm. of crystallised strontium nitrate in a 
porcelain crucible, or on a piece of a broken evaporating dish, 
and heat it to full redness before the gas blowpipe. The 
salt will fuse and effervesce, owing to the evolution of nitrogen 
oxides and oxygen, and, finally, a dark grey porous mass of 
strontium oxide will be left. When this is cool, pour a few 
drops of water upon it, and notice that it * slakes ' like the 
corresponding barium and calcium salts, and that its solution 
in water has an alkaline reaction on test-paper. 

* The changes may be expressed by the following equations : — 
In the case of the iodide, 

2HI+H,0a= 2H»0 + Ia. 
In the case of the permanganate, 
2HMn04 + 4Ha+5HaOi= 2MaCl, + 8Hj|0 + 5 0,. 
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CAIiCIUM. 

I. Dissolve 0.5 grm. of calcium chloride in 25 c.c. of water, 
and test the solution in the same way as you have tested the 
barium and strontium salts. 

(a) When heated in the lamp-flame. An orange-red colour 
will be imparted to the flame. 

(S) Tested with ammonium sulphide. No precipitate will be 
produced. 

(c) Tested with ammonium carbonate. A white precipitate 
of calcium carbonate will be produced, soluble in dilute hydro- 
gen chloride. 

(d) Tested with calcium sulphate. No precipitate, of course, 
will be produced, even on allowing the mixture to stand for a 
quarter of an hour. 

(e) Tested with hydrogen and silicon fluoride. No precipi- 
tate will be produced. 

(/) Add to another portion of the solution a drop of solu- 
tion of ammonium oxalate. A white precipitate of calcium 
Oxalate will be formed. The same reaction was employed 
(p. 162) to detect the presence of an oxalate. 

2. Place a piece of reddened litmus-paper in a porcelain 

^h; lay on the paper a small fragment of marble, about as 

Jaige as a pea, and pour a few drops of water from a washing 

bottle over the marble. The colour of the litmus-paper will 

Hot be altered, since marble is quite insoluble in water. Place 

^e fragment of marble on a piece of platinum foil, and heat it 

to full redness before the blowpipe for a minute or two. Place 

'% when cool, upon the litmus-paper, and add a drop or two 

of water. The paper will now turn blue, since the marble has 

been decomposed by heat into carbon dioxide and calcium 

^xide, and the latter substance unites with the elements of 

^ater to form calcium hydrate, as we have seen in Part I, 

Sect 1, Ex. 5. 

3* Ron a strip of paper, about 2 cm. broad and 20 cm. lor 
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round a penny, or medal, so as to form a shallow trough, and 
fasten down the end of the strip by sealing-wax or by a fold or 
two of string. Place 20 c.c. of water in a porcelain dish, and 
shake into it gradually, from a paper gutter, sufficient fresh 
plaster of Paris to form a thin paste, stirring the mixture con- 
tinually with a glass rod. As soon as the paste is thoroughly 
mixed, pour over the coin sufficient of it to fill the trough, and 
stir it with a feather or splinter of wood, in order to detach any 
bubbles of air which may remain adhering to the surface of the 
coin. Leave the whole at rest for about half an hour, in which 
time you will find that the paste has solidified, or * set,' as 
it is termed, the calcium sulphate having (like calcium oxide) 
combined chemically with the water. Unroll the paper rim, 
and carefully detach the coin from the plaster by inserting the 
point of a pen-knife between them. You will thus obtain a 
copy of the coin in plaster, but reversed, the raised parts of 
the coin forming depressions in the plaster. The cast should 
be left for an hour or two in a warm place, and when it is 
thoroughly dry it may be used as a mould from which to obtain 
a facsimile of the original coin. For this purpose its surface 
must be lightly dabbed with a tuft of cotton-wool dipped in 
sweet oiP; a paper rim must then be placed round it, and 
some freshly mixed paste poured into it as above directed. 

4. Reduce to powder a little of the remaining paste, which 
has solidified in the porcelain dish, and heat it in a dish on the 
sand-bath, stirring it continually. The water which it contains 
will be given off" (as may be shown by holding a cold beaker 
over the dish), and it will again acquire the property of setting 
when made into a paste with water. 



* This is done in order to prevent the adhesion of the liquid plaster to 
the mould. A better expedient is, to saturate the mould with wax by 
placing it, plain side downwards, in a porcelain dish containing a little 
melted wax or paraffin. The wax will soon rise through the porous plaster, 
and saturate it thoroughly. 
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MAaNESniM. 

1. Place a piece of reddened litmus-paper in a porcelain 
dish, and moisten it with water. Cut off a piece of magnesium 
ribbon or wire about 1 2 cm. in length, hold it in the crucible 
tong& over the porcelain dish, and apply the lamp-flame to one 
extremity. The metal will take fire and bum with an intense 
white light, forming white flakes of magnesium oxide, which 
should be allowed to drop upon the test-paper. The latter 
will have its blue colour restored at the points where it is 
touched by the magnesium oxide. 

2. Place a bit of magnesium ribbon about 10 cm. in length 
in a test-tube, and pour on it some dilute hydrogen sulphate. 
Hydrogen gas will be evolved with eff*ervescence, and the metal 
will gradually dissolve. When the action has ceased, pour off 
the liquid into a small porcelain dish, and evaporate it down 
until it begins to crystallise. Long prismatic crystals of mag- 
nesium sulphate (Epsom salts) will be deposited in abundance 
as the solution cools : these should be redissolved in about 
20 cc. of water, and separate portions of the solution tested 
as follows : — 

(a) To a portion add a drop or two of solution of ammo- 
nium sulphide. No precipitate will be formed, since magnesium 
sulphide, unlike zinc sulphide, is soluble in water. 

{b) To another portion add a drop of solution of sodium 
carbonate. A white precipitate of magnesium carbonate will 
be formed, which will readily redissolve on addition of a few 
drops of solution of ammonium chloride. 

{c) Test another portion with solution of ammonium car- 
^nate. No precipitate will be produced until after the lapse 
<^f some time, although we have seen in the preceding experi- 
ment that magnesium carbonate is insoluble in water. The 
'Reason of this non-precipitation is that magnesium salts have 
^ great tendency to combine with ammonium salts to form 
compounds whiqji are, in general, more soluble than the simple 
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magnesium salts. Thus we saw in the last experiment that 
the addition of ammonium chloride caused the magnesium 
carbonate to redissolve. 

(d) Add to another portion of the solution five or six drops 
of solution of ammonium chloride, then a drop or two of solu- 
tion of ammonia, and lastly a drop of solution of sodium phos- 
phate. A white granular precipitate will be formed, consisting 
of magnesium and ammonium phosphate. To illustrate the 
delicacy of this reaction, you may place one drop of the solu- 
tion of magnesium sulphate in a clean test-tube, add about 
ID C.C. of water, and then successively a few drops of solution 
of ammonium chloride, a drop of ammonia, and a drop of 
solution of sodium phosphate. If no precipitate is produced 
at first, dip a clean glass rod into the solution, and gently rub 
the sides of the test-tube with it. Crystals will soon begin to 
form along the lines at which the rod touched the sides of the 
tube, especially if the liquid is agitated for a few seconds. 

(e) Place a small crystal of magnesium sulphate on charcoal 
and heat it strongly before the blowpipe. Moisten the white 
infusible residue with solution of cobalt nitrate, and heat it 
again. The mass, when cool, will be found to have acquired 
a faint pink colour. 



POTASSIUM. 

I . Pour some distilled water into a large porcelain dish, and 
wet the sides of the dish above the surface of the water by 
rubbing them with the moistened finger \ Take a small piece 
of potassium, about as large as a pea, out of the bottle, free 
it from adhering naphtha by pressing it between folds of 
blotting-paper, and cut it in two with a knife. Notice the soft- 
ness of the metal, the brilliant lustre of the freshly cut surfaces, 

* This is done in order to prevent the globxile of potassium adhering 
to the sides, instead of floating freely on the water. It is a good plap 
to rinse out the dish, just before using it, with a little solution of caustic 
potash, and then with clean water. ^ 
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and the rapidity with which the latter are tarnished in the air, 
owing to the formation of a coat of oxide. Take up one of 
the pieces of potassium in the crucible tongs and drop it in the 
centre of the dish of water. It will immediately take fire, 
burning with a violet flame as it floats from side to side of 
the dish. The water is decomposed by the metal, a portion of 
its hydrogen being replaced by potassium, with formation 
of potassium hydrate^. The heat produced is sufficient to 
kindle the hydrogen evolved, and to volatilise a small portion 
of potassium, which gives the flame its violet tinge. Im- 
mediately on the cessation of the flame, you will observe the 
globule of potassium hydrate floating red-hot upon the water. 
Cover it at once with an inverted funnel or beaker, and observe 
that in a second or two it disappears with a slight explosion. 
The globule, while red-hot, was not in actual contact with the 
water, but was supported on a cushion of steam. As it cooled, 
a point arrived at which the layer of steam was condensed, and 
the globule touched the water, causing a fresh burst of steam 
sufl5cient to propel portions of the globule to a considerable 
distance. It is well, therefore, to cover the substance with 
a funnel, as above directed, lest the eyes should suffer. After 
burning the other piece of potassium in a similar way, you may 
examine the solution in the dish. It will have acquired a sharp 
caustic taste, and the colour of a piece of reddened litmus- 
paper dipped into it will be changed to blue. If the liquid 
is evaporated to dryness a white residue of potassium hydrate 
Will be left. 

2. Place a piece of moist reddened litmus-paper in a por- 
celain dish, and hold over it a burning cedar match or wooden 
spill, so that the ashes may drop upon the paper. Pour over 
the ashes a few drops of water, and notice that the litmus-paper 
becomes blue, owing to the potassium carbonate present in 
^e ash. 

3. Place a small lump of potassium hydrate on a watch- 
glass, and leave it for a short time exposed to the air. Its 

^ 2H,0 + K,=2KH0 + Ha. 
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surface will almost immediately become moist, and it will soon 
deliquesce, owing to absorption of moisture from the air, form- 
ing an oily liquid which turns reddened litmus-paper blue. 
Leave it exposed until the next day, and then add to it a drop 
or two of dilute hydrogen chloride. An effervescence will take 
place, owing to the escape of carbon dioxide. Potassium 
hydrate absorbs not only moisture but also carbon dioxide 
from the air^. 

4. Dissolve a small lump of potassium hydrate in about 
5 c.c. of water, noticing the heat evolved (as in the case of 
hydrogen sulphate) during the solution. Add to the liquid 
about half its volume of oil, and heat the mixture to boilin/?, 
shaking it frequently. A viscid solution of soap will be pro- 
duced by degrees, by the action of the organic acids in the oil 
upon the potassium hydrate, potassium oleate being the chief 
product. 

5. Dissolve about 0.5 grm. of potassium nitrate in 25 c.c. of 
water, and test portions of the solution as follows : — 

{a) Dip a perfectly clean platinum wire into the solution, 
and hold it in the flame of a Bunsen's burner. The salt will 
impart a violet colour to the flame. If you look at the flame 
through a piece of deep blue glass (which can be easily pro- i 
cured from a glazier), it will appear crimson. 

(3) Test a portion of the solution with solution of ammo- 
nium sulphide. No precipitate will be formed. 

(c) Test another portion with solution of ammonium car- 
bonate. In this case also no precipitate will be formed. 

(d) Add to another portion a drop of dilute hydrogen 
chloride, and then two drops of solution of platinum per- 
chloride. A yellow crystalline precipitate of potassium and 
platinum chloride will be gradually formed, especially if the 
liquid is shaken and the sides of the tube rubbed with a glass 
rod (see p. 248). The best method of applying this test for the 
detection of small quantities of potassium is the following :— 

^ You will remember that it was used in the preparation of carbon 
protoxide (p. 97), for the purpose of absorbing the carbon dioxide produced 
in the decomposition of hydrogen oxalate. 



SODIUM. Sjl 

ice one drop of the solution of potassium nitrate in a test- 

, add 5 c.c. of water, then one drop of dilute hydrogen 

ind lastly one or two drops of solution of platinum 

hloride. No precipitate will now be produced, since the 

intity of the potassium salt present is very small. Pour the 

I into a watch-glass and evaporate it to dryness, on the 

id-bath, at a gentle heat. When the residtie is cool, mix in 

it-tuhe equal volumes of water and common alcoho!, and 

r some of the mixture over the residue. The greater part of 

I dissolve, but a light yellow residue, consisting of the 

ttinum and potassium salt, will remain, since the latter is 

t insoluble in alcohol. 
(e) Add to another portion a few drops of solution of sodium 
i hydrogen tartrate, rub the sides of the test-lube with a glass 
i (p. 248 d), and shake the mixture. A crystalline precipitate 
I potassium tartrate will be fonned. 



. Examine the properties of the metal sodium and its 

wmposition of water in precisely the same way as you 

ined the properties of potassium in the last exercise. You 

I that it has many points of resemblance to potassium, 

: it does not tarnish quite so readily in the air, and that 

ten placed upon water it causes the evolution of hydrogen, but 

It the action is not so violent as to inflame the gas. If, how- 

r, you modify the experiment by floating a piece of fillering- 

>er upon the water, and placing the pellet of sodium in the 

e of it so as to confine it in one place and thus prevent 

le distribution of the heat, the gas evolved will catch fire, and 

I with an intense yellow flame, the colour being due to 

( volatilisation of a portion of the sodium. 

. Dissolve 0.5 grm. of sodium chloride in 3a c.c. of water, 

I examine the solution in the same way as "jqw esaxwifts-i. 

i potassium saic in the last exercise. 
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(a) The salt will impart an intense yellow colour to the 
flame. This will, however, be quite invisible when looked at 
through the blue glass \ 

(3, c, d, e) In none of these cases will any precipitate be 
produced, since the sodium salts formed in the reactions are 
soluble in water. 

When a solution of a sodium compound is evaporated to 
dryness after addition of solution of platinum perchloride, a 
residue is obtained, but this residue dissolves completely in 
dilute alcohol. 



HYDBOaEN. 



(The preparation and properties of hydrogen gas have been given at p. fo, 
and those of hydrogen dioxide have also been mentioned under the 
head of barium dioxide, p. 24a.) 

The chief distinctive properties of compounds containing the 
radicle hydrogen, which form the class of substances commonly 
called acids, have already been illustrated. Thus,— 

1. They redden blue litmus-paper (pp. 104, 150), but have 
no action on turmeric-paper. 

This property belongs to all the hydrogen compounds which 
the student is likely to meet with in a course of elementary 
work, with the exception of hydrogen borate, which, as we have 
seen (p. 187), renders turmeric-paper brownish red, while it 
gives the usual acid reaction with blue litmus- paper. 

2. They react on certain radicles, of which potassium is 
a typical specimen, to form substances in which their actio^ 
on litmus-paper is lessened, and in some cases destroyed (se^ 
p. 150, Experiment 3). 

3. Some of them, e. g. hydrogen sulphate (p. 72), whet^ 

^ If a crystal of potassium dichromate is looked at by the light of tt»^ 
sodium flame it appears quite colourless. A scarlet geranium, looked ^j- 
in the same way, appears gray, and a blue lobelia or l^kspur (or a cryst^ 
of coppev sulphate) appears .perfectly black. 
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into contact with zinc in presence of water give off 
sn in the form of gas. 

hey decompose solutions of alkali-metal carbonates 
olution of carbon dioxide. 

ire seldom, however, able to pronounce with certainty 
iven substance contains the hydrogen radicle, until we 
oved the absence of other metallic radicles and the 
e of a non-metallic radicle in it. If, having done this, 
that it reddens litmus- paper when in solution, and only 
is property after the addition of several drops of solution 
jsium hydrate or ammonia, it may be safely inferred that 
ydrogen compound, and the solution should be further 
id to see if it possesses the known properties, such as 
^, of the hydrogen compound of the non-metallic 
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PART II. 



\LITATIVE ANALYSIS OF SINGLE SUBSTANCES. 



SECTION I. 
Explanatton of the Analytical Course. 

:ry portion of matter, considered chemically, is either 
le substance or an aggregate of two or more single 
noes. By a single substance, we mean a substance from 
no part, having different properties from the rest, can be 
ted by any physical means, such as pounding and sifting, 

action of solvents, or distillation, or diffusion. Water, 
It, and hydrogen, and indeed all the various substances 

properties you have been studying, are single sub- 
i \ Other portions of matter, consisting of two or more 
substances aggregated together, such as a mixture of 
r a piece of rock, or any part of a plant or of an animal, 
ed mixtures. 

)rding to this twofold division of natural objects, analysis 
ded into the analysis of single substances, and the 
s of mixtures. Further, the analysis may in each case 
er qualitative or quantitative, the former having for its 

the identification of a single substance or of the in- 
its of a mixture, the latter enquiring in what proportions 
ments of a single substance, or the various single sub- 
1 in a mixture, coexist, 
he four divisions of analysis thus indicated, the present 

; term * chemical substance * is often used in this sense, but has 
idvantage of suggesting a peculiar class of substances instead of 
ag the simple fact. 
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volume treats onJy of the first — the qualitative analysis of i 
single suhstance. 

Two further limitations should be named in order exactly 
to define the scope of the analytical eoiu'se which follows. Finl, 
you will have observed that the preceding exercises deal on^ 
with the commoner or more abundant elements. About h 
the elements at present known are so rare that it is found es] 
dient to exclude them from consideration in framing the ai 
lytical course. Secondly, of the compound radicles formed from 
these elements some are continually met with among natural 
or artificial products, while others occur but seldom. Here, 
again, it has been necessarj' to make an arbitrary limitadon.an 
to select from a host of such radicles those of a few of tli 
commonest substances. The problem, then, which the folios 
ing analytical course supplies the means of solving should b 
stated thus : — Given a single substance consisting of one o 
more of the radicles already treated of, to find out wliat it is 

The great majority of the substances which present thero 
selves for analysis consist of a combination of a simple radid^ 
belonging to the class of metals, with a simple or compoun 
radicle belonging wholly or chiefly to the non-metallic class; 
a few contain more than one radicle of either class. For ei- 
ample, sodium chloride, Na CI, consists of the simple metaDJo 
radicle Na and the simple non-metallic radicle CI ; silver nitraK 
Ag N O5, of the simple metallic radicle Ag, and the compou 
non-metallic radicle N O, ; sodium and potassium tartral 
KNaC, H^O,,, sodium amtnonium and hydrogen phosphal 
Na (H, N} H P 0„ magnesiuno phosphate and fluoride MgjPOJ 
exemplify the union of more than two radicles. Conibnnat) 
with this fact as to the constitution of substances, the course'i 
analysis consists of two principal parts, the one determining fl 
metallic radicle or radicles, the other the non-metallic radic 
or radicles of which a substance is formed. 

The general principles on which the analysis of a i 
stance is based, have been already explained in the introduc 
remarks to Part 1, Sect B, "p. H^, Mii. fet ^wj^aaKtojasji ^ 
have gained with t\\e ptopertiea q^ 'Ccia &&««:■». -ra^ifi** 
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their compounds furnishes you with the means of distinguishing 

any one from the rest and identifying it. But it remains to be 

seen in what manner this end can be most surely and quickly 

accomplished. It would be possible by trying in any order a 

suflficient number of the experiments described in the section 

upon the substance under examination, to discover at last its 

true nature; but much time would be lost upon experiments 

which yielded no information, and the analysis would not un- 

frequently end in inextricable confusion. We ought to start, 

then, with a clear perception of the Belative value of the tests 

we are going to employ : we must select them on definite 

principles, and observe a definite order in applying them. 

It will have been noticed that among the experiments which 
have been tried with each individual substance, some have 
brought to light properties which it possesses in common with 
certain other substances, while others have given results which 
are quite characteristic of the particular substance, and dis- 
tinguish it sharply from all others. To illustrate this, the 
following experiments may be repeated : — 

Place five test-tubes in the stand, and pour into them, respec- 
tively, 2 or 3 c.c. of solution of sodium sulphate, ammonium 

OXALATE, AMMONIUM CHLORIDE, POTASSIUM IODIDE, and POTASSIUM 

NITRATE. Place a small label on each tube, to show what it 
contains ; then pour three or four drops of the solution of 
sodium sulphate into another tube; add about four times as 
much water, and then add a drop of solution of barium 
6hIoride. A white precipitate will be produced (p. 242). 
Place the test-tube in the stand, and test in a similar way por- 
tions of the four other solutions. You will find that barium 
chloride produces a precipitate in the solutions of sodium sul- 
phate, and ammonium oxalate, but not in the solutions of 
ammonium chloride, of potassium iodide, or of potassium 
nitrate. Assuming what you may hereafter verify, that the 
sodium, ammonium, and potassium present have no influence 
in the production or prevention of a precipitate in this case, 
you have learnt that certain substances, such as sulphates and 
^^xalates, give precipitates when their aqueous solutions are 
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tested with solution of barium chloride, while certain others, su 
as chlorides, iodides, and nitrates, give no precipitate wh 
tested with the same reagent. 

I. The SULPHATES, OXALATES, &c. are therefore classed 1 
gether in one group, as having the common property of bei 
precipitated from aqueous solutions by barium ohloride. 

II. The CHLORIDES, IODIDES, NITRATES, &c. are also class 
together in one group, as having the common property 
not being precipitated from aqueous solutions by bari 
chloride. 

Next, take fresh portions of the solutions of ammonS^-m; 
chloride, potassium iodide, and potassium nitrate, diluted. 35 
above directed, and test each with a drop of solution of silx^er 
nitrate. You will obtain precipitates in the case of the 
chloride and iodide, but not in the case of the nitrate. 

Therefore, of those substances which are not precipitated 
by barium chloride: — 

The CHLORmES, iodides, and certain others, are classed to- 
gether in one group, as having the common property of being 
precipitated from their aqueous solutions by silver nitrate, 
the nitrates and certain others are classed together in another 
group, as having the common property of not being precipitated 
from their aqueous solutions by silver nitrate. 

Now, if you examined in a similar way solutions of salts of 
all the radicles treated of in pp. 148 — 189, you would find that 
they might all be arranged under one or other of the three 
groups above indicated, and you would be able to construct 
a table such as the following, showing their distribution into 
groups, and the distinctive property of each group. 

GROUP I. 

Substances which are precipitated from neutral aqueous sola- 
tions on addition of barium chloride. 

« 

Carbonates. 
Tartrates (partially). 
Oxalates. 
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Fluorides (partially). 
Sulphites. 
Sulphates. 
Phosphates. 
Borates (partially). 

SlUCATES. 

GROUP 11. 

nces which are not precipitated from neutral aqueous 
tions by barium chloride, but are precipitated by 
er nitrate. 

Cyanides. 

Chlorides, 

Bromides. 

Iodides. 

Sulphides. 

Hyposulphites \ 

Hypophosphites ^. 

Acetates (partially). 

Nitrites (partially). 

GROUP III. 

ices which are not precipitated from neutral aqueous 
ions by either barium chloride or silver nitrate. 

Nitrates. 

Chlorates. 

next step will be to try the action of other reagents 
members of each group, in order to be able to carry 
nciple of division still further, and to arrange them in 

sub-groups. For instance, — 

; the portions of the solution of ammonium chloride 
:assium iodide which contain the precipitates produced 
iddition of silver nitrate, add to each some solution of 
lia, and shake the mixture. The precipitate produced 
olution of the chloride will be dissolved (p. 166), while 

Iver hyposulphite and silver hypophosphite are very unstable* 

S a 
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that which was produced in the solution of the iodide will 
remain undissolved. And if the same experiment is repeated 
with all the members of Group II, it will be found that they 
may be arranged in two divisions. 

A. 

Substances, the silver compounds of which are soluble in 

ammonia. 

Cyanides. 

Chlorides. 

Bromides (sparingly). 

Hyposulphites. 

Hypophosphites. 

Acetates. 

B. 

Substances, the silver compounds of which are insoluble in 
ammonia. 

lODmES. 

Sulphides. 

Finally, when we have thus divided the radicles into con- 
veniently small groups, we proceed to apply tests which give 
characteristic reactions with the individual members of each 
group. For instance, — . 

Take a fresh portion of the solution of potassium iodide, add 
a- few drops of carbon disnlpliide, and one drop of cMorine 
water. The solution will become yellow, and after agitation 
the carbon disulphide will collect at the bottom of the tube 
in a globule of a violet colour. This, as we have already seen 
(p. 171), is a reaction which distinguishes an iodide from all 
other substances. 

In the examination, then, of a compound of an alkali metal 
(potassium, sodium, or ammonium) for its other constituent, 
the first step will be to ascertain, by testing separate portions 
of the neutral aqueous solution with barium chloride, and with 
silver nitrate, to which group the radicle belongs. When this 
is known with certainty, the subsequent examination will be 
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Kmited to a search for one of the substances included in that 

particular group. Other tests are then applied in order to 

discover the subdivision of the group to which the radicle 

belongs, and thus the search is limited to a still smaller number 

of substances. Finally, special tests are applied in order to 

discover which one, out of the few possible substances, is 

actually present We might here rest content with having 

obtained one reaction which is characteristic of the presence 

of one particular substance. But it is highly expedient to 

accumulate evidence, so as to leave no possible room for doubt 

as to the constitution of the substance under examination ; and 

other confirmatory tests should always be tried. 

Thus, in the case of the solution of potassium iodide, a 
precipitate has been obtained with silver nitrate, proving that 
fte radicle belongs to Group II : this precipitate is insoluble in 
^inmonia, and the radicle therefore is included in division B ; 
the yellow colour of the precipitate and reaction with chlorine 
^ater and carbon disulphide indicate the presence of an iodide. 
Assuming, then, that an iodide is present, we try the action of 
^ther tests which are known to give characteristic reactions with 
3^ iodide. For example, — 

Take a fresh portion of the solution of potassium iodide, 
^.dd to it a few drops of solution of starch, and then a drop of 
chlorine water. The solution will acquire an intense blue 
Colour. This reaction is absolutely characteristic of an iodide, 
^tid confirms the previous results. 

The general course, then, to be pursued in a qualitative 
Analysis of an unknown substance for one radicle, is — 
First, to ascertain the group to which the radicle belongs. 
Secondly, to ascertain the subdivision of the group to which 
it belongs. 

Thirdly, to ascertain which member of the subdivision is 
present 

Lastly, to confirm the results, by applying tests which give 
^iaracteristic reactions with the radicle, the presence of which 
has been indicated. 
The above experiments will, it is hoped, be sufficient to 
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illustrate the principles of the systematic course of analysis' 
which should next be practised. Single substances should be 
taken, containing an alkali metal associated with one of the 
radicles of which the properties have been already examined, 
and should be analysed with a view to the detection of this 
radide only. 

The substances which are treated of in the latter part of 
Sect. 6, p, 189 seq., are arranged in groups on a principle 
similar to that which has been already explained above, viz. 
their precipitation from solution by certain reagents. The 
following experiments will illustrate the formation of these 
groups. 

Take solutions of the six following substances (made, if 
necessary, by dissolving about o.g grm. of each salt 
of water) : — 

1. Silver nitrate. 

2. Copper nitrate: the salt obtained as a residue in the' 
preparation of nitrogen dioxide'. 

3. Zinc sulphate: the salt obtained as a residue in ths' 
preparation of hydrogen (p. 79). 

4. Calcium cHLORmE : the salt obtained as a residue in the 
preparation of carbon dioxide. 

g. Magnesium sulphate : Epaom salts. 

6. PoTASSiuu NITRATE : the salt used in preparing hydrogen 
nitrate (p. 148). 

I. Pour a few drops of th« soluiion of the silver salt into 
another test-tube, add about four times its volume of water, and. 
then five or six drops of dilute hydrogen chloride^. A whit 
precipitate will be produced. Make similar experiments wit 
portions of each of the other solutions. No precipitate will b 
formed in any case, 

We place, then, in one group substances, such as silvk 
salts, which are precipitated from solutions on the 
hydrogen chloride. 



' Copper sulphate will ai 



;r equally well. 
i, .&C.) has no ia&aeafx aa the 
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^^H. Now take the solution of copper nitrate to which hydrogen 
chloride was added in the last esperiment, and add to it a few 
drops of solution of hydrogou sulphide. A black precipitate 
will be produced. Test in a similar way the four other solu- 
tions containing' hydrogen chloride. No precipitate will be 
fanned in any of them. 
We associate in another group substances, such as copper 
I salts, which are precipitated from solutions containing hydrogen 
chloride by bydrogon Bulphide. 

m. In the next place take a fresh portion of the solution 
of zinc sulphate and test it with a drop or two of solution 
of ammomtim sulphide. A white precipitate will be pro- 
duced. Make a similar experiment with portions of the 
other three solutions. No precipitate will be produced in 
any case. 

We form, therefore, into a third group substances, such as 
ONc salts, which are not precipitated from solutions containing 
free acid by hydrogen sulphide, but are precipitated from 
solutions by ammomum sulphide. 

IV. Next, take a fresh portion of the solution of calcium 
chloride, add half its volume of solution of ammonium chloride, 
snd test it with a drop or two of solution of ammoniuiu car- 
bonate. A white precipitate will be produced. Make a similar 
eiperiment with the solutions of magnesium sulphate, and 
potassium nitrate. No precipitate will be produced in either 
tase. 

We constitute, therefore, another group of those substances, 
snch as calcium salts, which are not precipitated from their 
solutions by either hydrogen sulphide or ammonium sul- 
phide, but which are precipitated by ammonium carbonate 
from solutions containing ammonium chloride. 

V. Finally, take a fresh fiortion of the solution of magnesium 
sulphate, add half its volume of solution of ammonium chloride, 
3nd test it with a drop of solution of sodium phosphate 

L Or ammonium phosphate. A white crystalline precipitate will 
■ be fonned. Make a similar experiment with the solution of 
R potassium nitrate. No precipitate will be pcodaced. 
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We place, then, in a group substances, of which magh 
NESiuM salts are the only Inown examples, which are not 
precipitated from solutions by hydrogen sulphide, am- 
moniitm sulphide, or ammooitun cartionate (if tlie solutions 
already contain ammonium salts), but which are precipitittd 
by aodium phDBpha,te from solutions containing ammoniua 
chloride. 

VI. Our last group consists of those substances, snd 
as POTASSIUM, which are not precipitated from solutions by 
any of the reagents above mentioned, and which remain is 
a. residue, in the course of an analysis, when all the other 
substances have been removed from the solution under e; 
amination. 

By repeating the above experiments with each of the metallic 
radicles treated of in p. 189 seq., we should be enabled to placf 
it in some one of the above six groups, and we might construct 
a Table similar to that which is given in p. 267. 

The explanation of the system of analysis (p. 260) applies, 
of course, equally to the method to be followed in order to detect 
the metallic radicle present in a single substance. We have fir 
to ascertain the group to which it belongs, next the subdiviw 
of the group, then the individual metal, and lastly to v^ 
confirmatory tests. In practice it is found advisable to e 
a. substance first for the metallic radicle it contains, chiefly (a 
the reason that there are more cases in which ignorance of th 
metal present would interfere with the examination for the m 
metallic radicle, than vice versd. 



It cannot be too strongly urged that a full account of every 
experiment made with the view of ascertaining the consdtuenli 
of a substance, should be written out, not more for the a 
of the teacher or examiner than for the advantage of 
student himself. The totmeT ha.s, \n general, no way of ai 
taining what has been don^ except iTO^a 'Jna '^■OTS.eyj* s 
i-booki the latter will "Eitiii xio -rcvCMv?. qI ^-^tomj,-* 
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oflhoDght, clearness of expression, and insight into analytical 
I methods, more effectual than constant practice in writing out 
accounts of work done. 
Excellent models for such descriptions may be found in 
I tbe original papers on substances either newly discovered or 
led for the first time, contributed by our best chemists to 
scientific magazines. The object of every such paper is to 
make clear to others the views of the author on the nature 
of the substance he has examined, and his reasons for adopting 
these views ; to give the experiments which have been tried, 
and the inferences drawn from them. This is no less the 
object of the student commencing analysis. Every substance 
presents to him an original problem, which should be ap- 
proached in the same spirit, and worked out with the same care 
as the most elaborate research of a chemist like Faraday or 

A meagre, tabular view of work done, full of chemical 
symbols introduced without reference to their quantitative 
chemical meaning, but solely in order to save a few seconds 
of time, is not sufficient. The essential points in each experi- 
ment, and the inferences deducible from it, should be put down 
in plain logical English as soon as possible after the experiment 
has been made. Many moments of spare time, while a pre- 
cipitate is being washed or an evaporation is going on, will be 
found available for writing ; while, if all description is deferred 
until the analysis is completed, there is great danger that some 
steps will escape the memory. 

An attempt is made at the end of this Part to give an ex- 
ample of tbe way in which an account of the analysis of a 
single salt should be written out, and to this the student should 
refer before he begins his analytical work. 

The authors have intentionally omitted to give any so-called 
' Analytical Tables ' (with the exception of those which show 
the distribution of the radicles into groups) ; not because they 
consider such Tables of no value, but from a conviction that tbe 
Tables wiH be best made by the student hm&eV/vTi xltift ^-mrr 
way as a summary of [he contents of a book, 01: a. f vecis t 
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a document, rather as a result of intelligent work than as an 
introduction to it. 



Comparatively few single substances are met with in a state 
of absolute chemical purity, and reactions which are due lo 
admixture of traces of other substances must be carefully 
distinguished from those which are due to the principal sub- 
stance. In cases where the stibject of examination is a solid, 
it will be easy to infer roughly what amount of a precipitate 
should be obtained from the known quantity of it which hii 
been taken to form the solution ; and when a liquid is being 
examined, the amount of residue obtained by evaporating a 
known volume of it, or the bulk of any precipitate previousl;r 
obtained, will be an indication of its strength. If, then, [he 
addition of a reagent merely causes a turbidity in a solution whicb 
is known to be strong, it would be inexcusable thoughtlessness 
to take such a result as indicating the general consiitutiMi of 
the substance. 

For instance, ordinary sodimn carbonate invariably contains 
a little sulphate, and will, therefore, when tested with barium 
ebloride, give a white precipitate which is not wholly soluble in 
hydrogen chloride. But the amount of the insoluble residue 
will be obviously disproportionate to the amount of the sah 
known to be present in the solution, and hence, while the fact 
is observed and recorded, the examination for another radicle 
is to be proceeded with. 



TABLE 



Bownra th£ distsibutioh of the moee ncpoBTAirr metals 

INTO QBOUFS FOB THE FUBFOSE OF MALTSIS. 



These Metals 



are divided into 
J 



Metals which are separated from 
solutions by 
Hydrogen Chloride. 
SILVER 

MERCURY (monatomic) 
LEAD (partially) 



Metals which are not separated from 

solutions by 

Hydrogen Chloride. 



. Metals'which are separated from 
solutions containing hydrogen 
chloride by 
Hydrogen Sulphide. 

LEAD 

MERCURY (diatomic) 

COPPER 

CADMIUM 

BISMUTH 

ARSENIC 

ANTIMONY 

TIN 

GOLD 

PLATINUM 



Metals which are not separated from 

solutions containing nydrogen 

chloride by 

Hydrogen Sulphide. 



^ Metals which are separated from 
solutions by 
Ammonium Sulphide. 
ZINC 

MANGANESE 
COBALT 
NICKEL 
IRON 

CHROMIUM 
ALUMINIUM 



Metals which are not separated from 

solutions by 

Ammonium Sulphide. 



^* Metals which are separated from 
solutions by 
Ammonium Carbonate. 
BARIUM 
STRONTIUM 
CALCIUM 



Metals which are not separated from 

solutions by 

Ammonium Carbonate. 



Metal which is separated from 
solutions by 
Ammonium Fboaphate. 
MAGNESIUM. 



VI. Metals which are not separated 
from solutions by 
Ammonium Fboflphate. 
POTASSIUM 
SODIUM 
AMMONIUM 
HYDROGEN. 



SECTION II. 

PRELIMINARY EXAMINATION OF THE SUBSTANCE. 

Before proceeding to the regular examination, in which solu- 
tions are chiefly employed, it will be expedient to try a few 
experiments of a general kind on the substance, in order to 
obtain some indication of its prominent characteristics, and of 
the best mode of attacking it. This part of the analysis should 
never be neglected. Many substances, e. g. mercury oxide 
(p. 144), may be analysed entirely and satisfactorily by its 
means, and there are comparatively few substances which will 
not give important indications of their character to a careful 
observer of their behaviour when heated with and without the 
assistance of the blowpipe. 



A. The Substance for Examination is a Solid, 

1 Physical oha- Examine and note down the physical charac- 
racteristics of teristics of the substance; its colour, shapei 
the substance, hardness, metallic or non-metallic appearance, 
&c. If it is brittle and in a single lump, break it into small 
fragments in a mortar, or by wrapping it in a fold of clean 
paper and striking it with a hammer on an anvil. Reduce the 
greater part of these fragments to a very fine powder in the 
mortar, which should not be of glass unless the substance is 
a friable salt ^. The powdered substance may be conveniently 
kept in a small dry test-tube, fitted with a cork. 

* ¥or pulverising minerals, an agate mortar should, if possible, be used. 
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1. Solution of a Substance which is not a Metal. . 

Solution in Place about 0.5 grm. of the powder (as much 
water. g^g ^jy jj^ On the broad end of a spatula) in 

test-tube, pour on it about loc.c. of water, and heat the 
uid to boiling, shaking it occasionally. The tube may be 
pported on the sand-bath resting in a ring of the retort- 
nd, and while it is being gradually heated, you may proceed 
other experiments (p. 272). 
) The substance is entirely dissolved. 

Filter the solution, if necessary, from any suspended particles 
dirt, and examine it according to 22 (p. 279). 
) The substance is not dissolvedy or at least not wholly ^. 
Allow the particles to subside, decant the liquid carefully, and 
il the residue with a fresh quantity of water. If it dissolves, 
d this solution to the first portion, and proceed to 22. If it 
is not dissolve, pass on to the next paragraph. 
Solution in Pour off the greater part of the liquid and 

lilute hydro- add to the residue (or to a fresh portion of the 
sen c oride. Qfiginal substance moistened with a Httle water) 
►out eight or ten drops of concentrated hydrogen chloride, 
id if it does not dissolve, heat the njixture to boiling. If 
ere is an evolution of gas it may be due to the presence 

(0) A CARBONATE. In this case 4:he gas will be nearly in- 
odorous, and a drop of lime water in a glass tube held 
in the test-tube will be rendered turbid (p. 158). 

(3) A SULPHIDE. If so, the gas will have the offensive smell 
of hydrogen sulphide, and a piece of paper moistened with 

* The best way of ascertaining whether any of the substance has been 
ssolved is to filter off a few drops of the liquid and evaporate it to 
yness in a watch-glass. If a residue is left, something must have been 
ssolved by the water. But since nearly all carbonates are insoluble, it 
lU generally be sufficient to add to the clear liquid, filtered or decanted, 
few drops of solution of sodium carbonate. If no precipitate occurs, the 
hstance is almost certainly insoluble, unless it is a salt of arsenic or an 
kaU-metaL 
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solution of lead acetate and held within the tube will 

be blackened (p. 117). 
(y) A CHROMATE Of PEROXIDE. The gas will have the smell ; 

of chlorine, and will bleach litmus-paper held in the tube. 
(5) A CYANIDE. The gas will have the characteristic smell 

of hydrogen cyanide, 
(c) A SULPHITE, or HYPOSULPHITE. If SO, the gas will have 

the suffocating smell of sulphur dioxide. If the substance 

is a hyposulphite, sulphur will be deposited (4 B, a.) 

(A) 7^e substance is dissolved by ike hydrogen chloride. Examine 
the solution as directed in 33. 

(B) The substance is not dissolved by the hydrogen chloride. 
Pass on to the next paragraph. 

^ , . Take a fresh portion of the substance, add 

Solution in 

concentrated 6 or 7 c.c. of concentrated hydrogen chloride, 

hydrogen and heat it to boiling \ 
chloride. . 

(A) The substance is dissolved. 

Dilute the solution with twice its bulk of water, and examine 
it as directed in 33. If any precipitate is produced on dilution, 
add strong hydrogen chloride, drop by drop, until it dis- 
appears ^. 

(B) The substance appears to be acted upon^ but there is a residue 
le/t, different in appearance to the original salt. 

Allow the residue 'to subside, pour off the solution and 
examine it after dilution (4 A) as directed in 33. If the residue 
does not subside quickly, add to the solution about one-third 
its volume of water (that it may not act on the filter), filter it, 
and proceed to 33. 



^ Concentrated hydrogen chloride will often, in the cace of snlphides, 
chromates, and cyanides, produce an evolution of gas (8), where the dilate 
add has failed to do so. 

^ It may be due to the presence of bismuth or antimont, since their 
chlorides are decomposed by water; possibly to silver chloude, since 
this substance is soluble in concentrated hydrogen chloride, but not in die 
dilute acid ; possibly also to lead, since lead chloride is much less soluble 
in cold water than in hot, and the addition of water will have cooled the 
solution. In this last case the precipitate will redissolve when the liquid is 
warmed, and will be reprecipitated in needle-like crystals as it again 
becomes cool. 



\ 
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The residue may consist of — 

(a) Sulphur. If so, it will be yellowish white, and remain 
long in suspension, being more easily filtered off after long 
boiling. ItindicatesthepresenceofaPERSULPHiDE, in which 
case hydrogen sulphide will be evolved (see 3 S) ; or of a 
HYPOSULPHITE, when sulphur dioside will be evolved (3 f). 

(S) Silicon HYnRATE, which is a white gelatinous substance, 
and will have been formed from the decomposition of a 
silicate. Wash the residue on a filter, dry it at a gentle heat, 
and heat some of it in a bead oFmicrocosmic salt, as directed, 
p. 188. If it is silica it will float undissolved in the bead. 

(y) The residue may also be a chloride of one of the metals 

in Group I. If so, it will be a dense white substance, and 

should be examined by the addition of ammonia (see 32). 

(C) The suhsiancs is unacted upon by concentrated hydrogen ehhride. 

Add three or four drops of strong hydrogen 

5 Solution In jjitrato to the solution containing hydros-en 
aqua regia, 0/13 

chloride, and boil the liquid'. 

(A) The substance is dissolved. 

Boil the liquid until no more chlorine is evolved, dilute with 
water, ajid examine the solution as directed in 31. 

(B) The substance is not dissolved. 

Solution in ^'' ^ ^"^^^ portion of it first with dilute, and 

hydrogen then with strong hydrogen nitrate. If a clear 

nitrate. solution is obtained, dilute it (if necessary) and 

test it as directed in 31. If the substance remains undissolved, 

it must be examined as directed in Sect. V. 

2. Solution of a Uetal. 

7 Solution of a ^'^i^^ ^ f*^™ ™3" fragments in a test-tube, 
metal in hy- add about 5 cc. of concentrated hydrogen 
drogen lutrate. nitrate, and heat it to boiling. 
(A) The tubstance dissolves. 

Dilute the solution with three or four times its volume of 
Hater, and examine it as directed in 31. 

I) The substance does not dissolve, but is converted into a 
This should be done in a druuglit-cupboard, since chlorine is evolved. 
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white powder'. It is either ANTrMo>JY or tinl the fonner 
it is brittle and crystalline, the latter if it is malleable. In 
dissolve in strong hydrogen chloride to which one drop 
hydrogen nitrate has been added. Examine the solution 
as directed in 31. 
ft In agaB (C) TTie substance ii unacied Upon. It is pr 

regia. bably either gold or platinum ; gold if il 

yellow, platinum if it is white. It will dissolve in aqua regi 
and the solution should be examined as directed in 31. 

3. Blowpipe Examination. 
[This should be begun while the solution of the substance isbci 
made, in order to economise time. If no characteristic results ar 
obtained at once, and if the substance has entered readily ir 
tlon, the blowpipe examination may be continued at intervals durii 
the testing of the solution, e. g. while a liltration is going on, d 
precipitate is subsiding, and the results will be applicable as ci 
firmatory evidence.] 
9 SubHtanee Place a small quantity of the substance in 

heated in tube, tube of hard glass, sealed at one end {Fig. i 
p. 12), and heat it at first very gently over the Bunsen's bunB 
and afterwards before the blovfpipe to a temperature as high 
the tube will bear. 

(A) The substance remains unaltered, even at a high temperak 
Pass on to 18. 

(B) The substance does not fuse, even when heated lo redness, a 
gives off no gas or vapour, but changes colour. 

(a) From white toyellsw, becoming while on cooling. It is 
oxirE, TIN DIOXIDE, or BISMUTH TKioxiDE (probably the % 
if it fuses at a strong red heat). 

(5) From red to Mack, iteming red again on coolin, 
probably iron peroxide. 

(C) The substance fuses at a very moderate heat, and possibly gi 
off water (of crystalUsaiion). 

' Before deciding that the substance is insoluble pour 

Jiguid with some of the residue in suspension, add an equal 

aod warm it SomeBubslaiices.e.g,Ae8,A,l<jrm.?5iai'«'t(irft 

the strong acid but readi^ diascA-je ■w'Vvetvfla.v.ex v?. a&i^ 

may be mistaken for a nielal,\ea,-fts a'»'n,\'teTC= 
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^10 Wipe the inside of the tube perfectly dry with twisted slips of 
blotting-paper, and when no further moisture is condensed, 
raise the temperature. 

(D) Tke substance volatilises entirely. It is a salt of ammo- 
nium, ARSENIC, or merqury; or possibly hydrogen oxalate, 
or SULPHUR. Observe the character of the sublimate in the 
tube, 
(a) // is white and amorphous. The substance is an ammo- 
nium salt, or a mercury salt (not, however, mercury iodide, 
sulphide or oxide). Pass on to 12. 
(i3) // is white and crystalline. The substance is probably 

arsenic trioxide. Pass on to 12. 
iy) It is yellow y the original substance being red^ and fusing 
to a nearly black liquid before volatilising. The sublimate 
becomes red when touched with a wire or glass rod. It 
is mercury iodide \ 
(5) // is yellow, and amorphous, the original substance being 

also yellow. It is arsenic sulphide. Pass on to 31. 
(<i) It forms brownish yellow, transparent drops, which do not 
solidify for some time. It is sulphur. Persulphides, e. g. 
iron pyrites, give a sublimate of sulphur, while a residue 
of protosulphide remains behind. 
•^ To make quite sure that the sublimate consists of sulphur, 
<^iit off the closed end of the tube, and heat the sublimate 
■gently, holding the tube in a slanting position. The sulphur 
^11 be oxidised in the current of air, and sulphur dioxide, will 
be formed, which may be recognised by its smell and by its 
^id reaction on litmus-paper held at the upper end of the 
ttibe. 
^ Beduotion in Mix a small quantity of the original sub- 
tube, stance with an equal quantity of sodium car- 

* This reaction is so characteristic of mercury iodide that the substance 
^ay be at once examined for mercury and iodine. For this purpose, a little 
^f tile substance should be decomposed by boiling it with some solution of 
potassium hydrate. A solution containing potassium and mercury iodide 
^ be obtained, which should be acidified with hydrogen sulphate and 
tested for iodine, as directed in p. 175, Expt. 8. The residue, which consists 
^ mercury oxide, should be washed by decantation, dissolved in dilute 
1 bydrogen chloride, and tested for mercury with tin protochloride (p. 197, 

T 
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bonate, introduce into a sealed tube enougli of tlie mistun 

to nearly fill the bulb, and heat it slowly over the lamp. 

any moisture condenses, wipe the tube dry with slips 

blotting-paper. 

(q) a bright metallic sublimate is ferraed, which may he ii 
with a magnifier to consist of liquid metallic glohuUs, Tl« 
substance is a mercury sail. 
To make quite sure of the character of the sublimate, past 
down into the tube a thin slip of wood, such as a n 
and scrape together the sublimed metal. If it is mercuiy, 
the particles will run together into one large globule, whit 
may be allowed to drop into a watch-glass. 
()9) The sublimate is a steel-grey lustrous mirror. The Eul 
stance is an arsenic salt. 

Break off the tube close to the bulb, hold it horizontally, w 
heat the part containing the sublimate over a spirit-lam 
with a very small flame. If the deposit is arsenic, it wi 
readily volatilise and become oxidised, condensing in tl 
cool parts of the tube in sparkling transparent crystai 
of arsenic trioxide. 

If neither mercury nor arsenic is found, and if the Bi 
is white and amorphous, the substance may be e 
at once for ammonium, as directed in 49. 

(E) The substance becomes charred, i. e. turtis black, and lem 
a carbonaceous residtie, while vapours are evolved which hose 
strong smell Hie burnt paper. It is an acetate, or tartrab 
or other organic salt'. 

(F) The substance does not become charred, but evolves i 
with or without previous /usion. This gas is — 

(q) Colourless, and has the peculiar suffocating smell of std^ 
dioxide, and reddens a piece of blue litmus-paper held in 
mouth of the tube. This indicates the presence of a Ei 
PHATE decomposable by heat. 

' Some olher substances, e.g. coppkr cajibonatb, ha-<3anf.se cASBon 

tuth bJack when heateri. but do nol evolve strong-smelling vapoun. 

obtain a further proot Ihat ibe B\it>!X3.iws is ot^uic, \X ms-j ^le Votieitj 

with addition of a small quantity ol ^v^asKmi (n.\.ia\e,'rfn?ii,-A''S.''a <xi)| 

tie hJackness will disappear, wilSi aiifi^i^ aeft^?;»<«Ji.. 
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(fi) Colourless, and has the peculiar smell of cyanogen, resem- 
bling bitter almonds. 

Hold a lighted match to the mouth of the tube. If the 
gas bums with a pink flame, a cyanide is present. 

{7) Colourless and odourless. 
Place a single drop of lime water on a watch-glass, and 
hold it close to the mouth of the tube (which should be as 
far as possible from the lamp-flame). If the drop becomes 
turbid, the gas is carbon dioxide, and proceeds from the 
decomposition of a carbonate or an oxalate. 
If carbon dioxide is not detected, drop a small splinter of 
charcoal from the charred end of a match into the tube, 
and again heat the end of the tube. If the charcoal burns 
vividly, the gas is oxygen and the substance is a chlorate, 
nitrate, nitrite, chromate, pr peroxide ^. 

(i) Orange-coloured, and reddens litmus-paper. The sub- 
stance is probably a nitrate or nitrite ; if so, a splinter 
of charcoal dropped into the tube will deflagrate as in the 
case of chlorates. 

Some few bromides and iodides are decomposed by heat 
alone, and give off orange vapours of bromine, which con- 
dense to an orange liquid, or violet vapours of iodine, 
which condense in the form of steel-grey flakes. 

[Hypophosphites, when heated, give off hydrogen phosphide, which 
inflames spontaneously at the mouth of the tube.] 

Ct) The substance fuses to a clear transparent liquid, when 
^ated to redness. It is probably a salt of an alkali metal, or 

BARIUM STRONTIUM Or CALCIUM CHLORIDE. 

The course next to be followed will depend upon the ap- 
pearance of the substance and the results obtained by heating 
It in a tube. 

(A) The substance is coloured. If so, it is extremely probable 
^at it will impart colour to a borax bead. 

* Ammonium chromate, however, gives off, not oxygen, but water and 
"jtrogen, and a light, bulky, olive-green residue of chromium oxide is left. 
^^OiOHiuM NITRATE, moreover, gives off nitrogen protoxide. 

T 2 
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i Eiaroination Fuse some borax in a loop of plati 
ia borai bead, as directed in p. 140, and when a dear ii 
parent bead has been obtained, bring into it a minute portiot 
of the powdered substance and heat it first at the tip of tl 
blowpipe flame, then in the oxidising flame, and lastly in m% 
reducing flame. Observe the colour, if any, which is imparted 1 
to the bead. 

{a) li is blue, in bolh oxidising and reducing flan 

substance is a cobalt salt. 
{&) ll is greenish blue ijc Ifie oxidising flame, and keoms 
almost colourless in the redttcing flame. If much of the ivh- 
stance has been added, (he bead becomes red and opaque it 
the reducing flame. The substance is a copper salt. 
{y) It is green, bolh in the oxidising and reducing flame. The 

substance is a chromium salt, 
(fl) // is orange-red in the oxidising flame, becoming lighly^lsei 
as il cools. In the reducing flame it is orange while hot, ani 
dull bottle-green when cold. The substance is an iron salt 
(*) // is amethyst-red in Ike oxidising flame, and becomes poi 
colourless in the reducing flame. The substance is a *iS- 
GANBSE salt. 

(£■) It is brownish red in the oxidising flame, and becomis gTif 
and turbid in the reducing flame. The substance is a s 
salt. 

(B) The substance is colourless, or if coloured has given m fi 
action with a borax bead, and is infusible, or difficultly fusible. 

17 Beduotioa on Mix a small portion of it with an equal qtan-, I 

oharooai, jity of potassium cyanide, and heat it on cbarU 
coal, as directed in p, 142 \ 

(n) A white residue is left on the charcoal. If this residue bM 
infusible and strongly luminous while held in the blowpipe- 1 
flame, MAGNESIUM, strontium, or calcium is probably present. I 

18 Moisten the residue with one drop of solution of cobalt I 

' The substance should be held just within the tip of the blowpipe-llwit J 
and (Jie blasl should be pretty strong. As we have such powerful ledu ~- 
agents present as polasBium cyaTuAe awA di».':«jai,-«eta,-s\TgaritQ aiCI 
some of the reducing powei ot liie ^\o-«^\-^fta.n\e \V;^1,\jk •&*,iS 
getting as high a temperaluie aspowftie. 
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■BtSite, and heat it again strongly ?ot 3. Tew seconds. If on 
cooling the residue has a blue colour, aluminium is probably 
present (see, however, note i, p. 240); if it has a. faint pink 
linge, MAGNESIUM is present; if it is green, zinc is present. 

Colour im. If no characleristic result is obtained, moisten 

pBrtBd to flame, (he end of a perfectly clean platinum wire with 
solution of hydrogen chloride, dip the wire into the powdered 
substance, and hold it at the edge of the flame of a Bunsen's 
burner. Observe the colour, if any, imparted to the flame. 
(ob) It is jW/ow. The metallic radicle is soniUM. 

„ violei. „ „ POTASSIUM. 

l(yy) „ green. „ „ BARIUM. 

ls(8B) „ crimson. „ „ strontium. 

■'(((} „ orange-red. „ „ CALcmsi. 

St be borne in mind that traces of sodium are almost inva- 
6y present in a substance, and that the intense yellow fiame due 
to its presence will often masli other colours. This difficulty is 
especially felt in the case of ftotassium salts; the barium, strontium, 
and calcium salts are so mtich less volatile that they remain long 
after the traces of sodium have volatilised. A transient yellow tinge 
will almost always be imparted to the fiame when the salt is first 
introduced into it ; and when this has passed away, the other charac- 
teristic colours should be looked for. In order to detect potassium 
the flame should be looked at through a piece of deep blue glass. 
If sodium alone is present, the flame will be invisible or very pale 
blue, the yellow rays being absorbed by the glass. If potassium is 

Prat, the flame when thus looked at will appear deep crimson.] 
I) Bright metallic globules are ohtaimd. 
ontinue the heat, with addition, if necessary, of a little more 
potasBiiim cyanide, unril the small globules have run together 
into one large one, 'and the flux has disappeared. When the 
metal is cool ', detach it from the charcoal with a knife, and try 
its malleability, as directed in p. 142, Expt. 8, noting also if any 
incrustation has formed on the charcoal in or around the 
cavity *, 
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{aa) The metallic globule is malleable^ with brilliatU lustre, 
and there is no incrustation on the charcoal. The substance 
is a SILVER salt. 

(/3/3) The globule is malleable, and a slight white incrustation 
is formed on the sides of the cavity. The substance is a 
TIN salt. 

(yy) The globule is malleable and soft, and a yellow incrus- 
tation is formed on the charcoaL The substance is a 
LEAD salt. 

(28) The globule is brittle, and white fumes ascend from it 
while hot ; a white incrustation is formed on the charcoal. 
The substance is an antimony salt. 

(ff ) The globule is brittle, and a yellow incrustation is formed. 
The substance is a bismuth salt '. 

If no characteristic result has been obtained it may be worth 
while to examine the substance in a borax bead, as directed 
in 16. 



B. The Substance for Examination is a Liquid^* 

Observe and note down the colour and smell of the liquid. 
21 Place about 2 or 3 c.c. of the liquid in a watch-glass and set 
it on the sand-bath to evaporate to dryness, while other experi- 
ments with the solution are proceeded with. The residue, if 
any, should be examined before the blowpipe according to th^ 
directions already given, and if the nature of the liquid has- 

always leaves when burnt, for an incrustation of metallic oxide. The 
former is light, almost downy, in appearance ; the latter is more compact, 
and generally has a definite border. 

^ The globule of bismuth, although in reality britde, does not always 
crumble to pieces under the pestle or hammer ; the particles may remain 
aggregated so as to appear not unlike a flattened plate of malleable metal. 
But the edges of the plate are always jagged, as may be readily seen with 
a magnifier, and a blow or two of the pestle is generally sufl&dent to break 
it into several pieces. 

^ It should be noticed that the liquids with which the student will have 
to deal are in aU cases solutions of substances in water, even where an acid 
has been used to dissolve them ; the reaction then consisting in the fonna^ 
tioT) of a soluble compound and its solution in water. 
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been discovered before the residue is obtained, the results of 
the blowpipe examination will serve as confirmatory evidence. 
22 Dip a clean platinum wire into the solution, and hold it at 
the border of the flame of a Bunsen's burner. If any charac- 
teristic colour is imparted to the flame, refer to 18. 
23 Beaction on Take out a drop on a glass rod and place it 

litmus-paper, upon a piece of blue litmus-paper. If no 
effect is produced, place another drop upon a piece of red- 
dened litmuB-paper. 

(A) The liquid is neutral, or nearly so, to test-paper. Pass 
on to 31. 

(B) 7^f liquid reddens blue liimus -paper. 

This may be due to the presence either of a hydrogen salt 
or of a double salt of hydrogen and a metal, or lastly of 
certain metallic salts, e. g. coppsr or meecuey salts, which, 
although containing no basic hydrogen, have an acid re- 
action. 
4 To distinguish between these, place a little of the liquid in 
another test-tube, add a trace of solution of sodium carbonate 
on the end of a glass rod, and stir the mixture. If no preci- 
pitate is produced, or the precipitate redissolves immediately, 
a hydrogen salt is present. If a permanent turbidity is pro- 
duced, the acid reaction is due to the presence of a melalUc 
salt, soluble in water. 

(C) TTie liquid turns reddtmd lilmvs-paper blue. 

This may be due to the presence of a borate, phosphate, 
SILICATE, HYDRATE, CARBONATE, SULPHIDE, Or CYANIDE of 3 mem- 
ber of Group VI, or of a hydrate or sulphide of a member of 
Group IV or V. 
,(j Pour a little of the solution into a test-tube 

hydrogen ni- ^^d add dilute Jiydrogeu nitrate, drop by 
trata on alko- drop, until the liquid is strongly acid, and 
line solutions. , 

warm the mixture, 
(a) No precipitate or evolution of gas occurs. The substance 
is a HYDRATE, AKSENiTE, or ARSENATE, of a member of Group 
IV, V, or VI. Pass on to 31. 
(fl) No gas is evolved, and any precipitate which is produced 
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redissolves in ike excess of hy-drngm mirale. The substance 
contains one of the metals which form soluble double oxidei 
or hydrates with an alkali metal'. 

Pass on to 31, bearing in mind that an alkali metal most be 
sought for, as well as one of the others above mentioned, 
(y) No gas is evolved, but a gelatinous precipitate is formid 
which does not dissolve in the excess of acid. The substance 
is a SILICATE. 
26 Evaporate the solution, containing excess of hydrogen 
nitrate, to complete dryness, digest the residue with a little 
strong hydrogen chloride, stirring it with a glass rod. After 
adding a little water, filler the solution and examine the fiUrale 
for an alkali metal (49). To be quite sure that the residue is 
silicon oxide, test it in a bead of microcosmic salt, as directed 



(8) A gas is evolved, which is inedaroiis and renders lime ' 
iarbid. The substance is an alkau-metai. carbonate. 

27 Boii until the carbon dioxide is expelled, and test the solnlion 
as directed in 48. 

(») A gas is evolved, which possesses Ike peculiar odour of 
hydrogen cyanide. An alkali-metal cyanide is present. \^2.ptr- 
manenl precipitate is formed, the substance contains one of 
the melals which form soluble double cyanides wida an alkali 
metal. 

28 Add a few drops of strong hydrogen chloride, boil to get! 
rid of hydrogen cyanide, and examine the solution as directed 
in 33, remembering that potassium or sodium is present, ^ 
well as the other metal. If a residue remains undissolved even 
after boiling with hydrogen chloride, examine it as directed in 
Sect. V. To make quite sure that the substance is a cyanide, 
examine a fresh portion, as directed in p. 164, Expt. 2. 

(0 Orange vapours of nitrogen Irioxide are evolved. The 
substance is a nitrite. As a confirmatory test, add a few 
drops of the solution to some solution of potassium iodide 
mixed with a little starch solution and acidified with hydrogen 



s giver 



.\. tlie loD 



OF THE SUBSTANCE. a8l 

sulphate (see p. 174). If a nitrite is present, iodine will be at 
once liberated and the liquid will turn blue, 
(j;) A gas is evolved, which may be recognised, by its odour and 
its action on lead acetate, to be hydrogen sulphide. Observe 
whether any precipitate is produced. 
{ae) No precipitate, or only a white milky precipitate of sulphur, 
is produced. 

The substance is a sulphide of a metal belonging to 
Groups IV, V, or VI. 
29 Boil the solution in a dish for a few minutes, filter if neces- 
sary, and examine the filtrate as directed in 46. 
(33) A ^coloured precipitate is produced. It may consist of 
TIN, ARSENIC, or ANTIMONY SULPHIDE, formed by the de- 
composition of a double sulphide. 
80 Filter the solution, and test the filtrate for an alkali metal ; 
wash the precipitate, dissolve it in strong hydrogen 
chloride, to which one drop of hydrogen nitrate has been 
added, and test the solution as directed in 33. 



SECTION III. 



EXAMINATION OF THE SOLUTION OF A SINGLE 
SUBSTANCE FOR A METAL. 



I 



1. Ex ftmination for the Utetals included in Qroup L 
SILVER, MERCURY (protosalts), lead. 

A. The Substance was originally given in Solution, e 
has been dissolved in Water or Hydrogen J^itrate. 

31 Hydrogen Add dilute hydrogen ohloride, drop b 

ohioride teat, drop, to a portion of the cold solution. If t 
precipitate is obtained, add several drops of the strong acid, in 
order to ascertain if the precipitate is soluble ii 

(A) No pncipilate, or a pruipitak which dissolves in exress ^ 
lAe acid, u oblained^. 

Silver salts, mercury protosdts, and also lead salts, u 
the solution is very dilute, are absent. Pass on to 33. 

(B) The fluid gradually becoims milky, and evolves sutpht 
dioxide (recognisable by its odour). 

This is due to the presence of a hvposulpkitk, of v 

' Such a precipitate will b« probably due to the presence of a sum 
01 ANriMONv salt, since bismuth and antimony chlorides (which will 
fanned on addition of bydio^tn di\.Qii4e"i aii; tnine eisi-j ' 
H-aler than their other sails. Ii ^.tie s,Q\\A\Qn -e ^e^o-« ■> 
addition of hydrogen chloride, a. cb^jvu-ie \i -^le^l. 
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the reaction with silver nitrate (p. 181) will afford conclusife 

The solutfon, after boiling, should be filtered from the 
sulphur, and tested as directed in 33. 
(C) A permanent while prempilale is formed. 
A metal belonging to Group I is present. 
! Allow the precipitate to subside, pour off as much as possible 
of the liquid, and add a or 3 c.c. of ammonia, 
(a) TTu precipitate is redissohed. 

Silver is present. This may be also inferred if the pre- 
cipitate is curdy and becomes jrey on exposure to light. 
As a confirmatory test, add to another portion of the 
original solution (which, if acid, must be neutralised by 
ammonia) a drop of solution of potassium chromate, 
which will cause a crimson precipitate if silver is present. 
(B) The precipitate turns black. 

A MERCURY protosalt is present. To confirm this, place a 
clean strip of copper in another portion of the original 
solution, acidified, if necessary, with dilute hydrogen 
chloride. If the copper is coated with a grey deposit, 
which becomes silvery-bright when rubbed with a cloth, 
and disappears when heated over a lamp, the presence of 
mercury may be considered certain, 
to) The precipitate remains unaltered in appearance. 

Lead is present. To confirm this, test another portion of 
' flie original solution with dilute hydrogen, sulphate : a 
I white precipitate mil be produced if lead is present '. 



I B. The Substance was dissolved in Hydrogen 
Chloride. 



In this case neither silver sails nor mercury protosalts can 
' The precipitate may coi 



1 
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1ft present. Lead may be present in small quantity, since k 
chloride is not quite insoluble, and it should be looked 
in the next part of the examination. 



2. Examination for the Metals included in Group II. 

MERCURY (persalts), lead, copper, bismuth, cadmium, t 

ARSENIC, ANTIMONY, GOLD, PLATINUM. 

33 Hydrogen Add to the portion of the solution which \ 

sulphide test, ^een acidified with hydrogen chloride, soluti 
of hydrogen sulphide in excess. Observe whether the ad< 
tion of a single drop of the reagent produces a precipitate, ai 
if so, whether the precipitate is altered in appearance wh< 
more of the reagent is added ^ If no precipitate is produc< 
at once, warm the solution. 

(A) No precipitate is formed. 

None of the metals included in Group II are present. Pa: 
on to 39. 

(B) A perfectly white, milky precipitate is produced, Th 
consists solely of sulphur, and is due to the decompositic 
of the hydrogen sulphide by some oxidising substance prese 
in the solution, probably a chromate or an iron persalt. 
the solution is red or yellow, and turns light green simi: 
taneously with the precipitation of sulphur, one of the abo^ 
two substances is certainly present; they will, however, 1 
detected in the course of examination for Group III (39), 
which you should pass on. 

The decomposition of the hydrogen sulphide may also 1 
due to the presence of chlorine (if aqua regia has been us< 
to dissolve the substance), a hypochlorite, a chlorate, 
NITRITE, or a SULPHITE. Thcsc will, even if not detected 
the preliminary examination, be examined for in Sect. IV. Be 

* The precipitate produced in solutions of mercury persalts by the fi 
drop of the solution of hydrogen sulphide is white, and quickly changes 
yeWoyr^ brown, and finally black, on further addition of the reagent. 
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in mind the result, therefore, but proceed with the examination 
as if the precipitate had not occurred. 
(C) ne precipitate is light yellow. 

Cadmium, arsenic, or tin (as persalt) is present. 
4 Add to the fluid in which the precipitate is suspended, 
ammoma in slight excess, then three or four drops of solu- 
tian of ammonium sulphide, and warm the mixture, 
(a) The precipitate dissolves. 
Tin or arsenic is present. To distinguish between them, 
add a few drops of ammonia to a portion of the original 
solution. If a white precipitate is produced, tin is present ; 
the reduction of the salt before the blowpipe will afford 
confirmatory evidence. If no precipitate is obtained, arsenic 
is present ; the production of a mirror-like sublimate when 
the substance is heated in a bulb-tube with sodium 
carbonate (p. 207) will remove any doubt. 
If arsenic is found, the substance may be an arsenite or 
arsenate ; if the latter, the precipitate caused by hydrogen 
sulphide will have formed only on boiling the liquid. 
Refer to p. 206, Expts. b, d, and p. 213, Expts. ^, d, for 
other means of distinguishing between them. 
[&) The precipitate does not dissolve. 
Cadmium is present. Confirm this inference by applying 

« 

the blowpipe test (p. 203, Expt. i). 

(D) The precipitate is orange-coloured. 
Antimony is present. Confirm this by repeating Expt. 5, 

P' 215, with a portion of the original solution. 

(E) The precipitate is dark brown or black. 
Mercury, lead, copper, bismuth, tin (protosalt), gold, or 

^atinum is present^. 
85 (a) Add to the fluid in which the precipitate is suspended, 
a slight excess of ammonia, then (disregarding any additional 
precipitate which may possibly be caused by the ammonia) add 
five or six drops of solution of ammonium sulphide, and 
heat the mixture. If the precipitate is dissolved, tin is present 

* If the solution has a blue or green colour, copper may be at once 
tested for as directed in 88. 
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r(oT possibly gold or fi^tintjm). In confirmation, (i) add 10 
the solution thus obtained some dilute hydrogen ehloride, 
which will, if tin is present, produce a light yellow precipitate 
of tin persulphide ; (2) add a drop of the original solution to 
some solution of mercury percbJoride, which latter will be 
reduced to protochloride and form a white precipitate'. 
38 (3) Test a portion of the original solution with dilute hydro- 
I gen sulphate. If a while prsdpitate is produced at once 

■ the course of a minute or two ', lead is present. The reduc- 
H tion of the substance on charcoal before the blowpipe (p. ii|g) 
will serve as a confirmatory t( 

37 (v) Place a clean slip of copper in a portion of the original 
solution, acidified, if necessary, with dilute hydrogen chloride, 

I The formation of a grey mtiallic film on the copper proves ihal 
MERCURY is present (see 32 S). The changes in coloiu- of the 
precipitate produced by addition of successive portions of hy- 
drogen sulphide to the original solution (see p. 284, note), will 
have also indicated the presence of mercury, and the result ol 
heating the dry substance with sodium carbonate in t 
(12) will afford absolute certainty. 

38 (fi) Add to a portion of the original solution, anuaonia i> 
excess. 

. If a precipitate is at first formtd which readily dtssobes it 

excess of ammonia, forming a deep blue solution, copper i» 
present. To remove any doubt, test another portion of 
the original solution with solution of potassium t 
cyanide, which will give a reddish brown precipitate d 
copper ferrocyanide. 
If a white precipitate is produced -which does not dissolve & 
excess of the ammonia, BisMrTH is present. Add to the 
liquid dilute hydrogen chloride, drop by drop, 
the precipitate is just redissolved, then fill up the test-tube 

' It is scarcely probable that gold and plafinum will be met with; bal I 
if tin is not delected by the above tests, separate poriions of the origunlB 
solution shonid be tested (a) for ooU), with solution of Iron protoaulpb*'' 
(p. 230), (fi) for FLATiNUM, witti aQ\:vitLaiv o( Bio3a(io.\nm. 
' Jf the solution is very dilute 01 cowVitos taiiiv b™ 
is BOt formed immediately. 
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wiLh water. If the fluid iecomes milfy, the presence of 
BISMUTH is confinned. As a further proof, a portion of 
the original substance may be mixed with some sodium 
DarboTtate and reduced on charcoal before the blowpipe 
{seep. 143). 



3. Bxaminatdon for the Metals inoluded in Group III. 

ALUMINIUM, IRON, CHKOMEUM, MA\GANESE, NICKEL, 
COBALT, ZINC. 

^ Ammonium To the portion of the solution to which hy- 

Bulphide test, drogen sulphide has been added without pro- 
ducing a precipitate (other than sulphur), add one-fourth its 
volume of solution of ammonium chloride ', then solution of 
ammoma until the liquid smells of it strongly, and lastly, dis- 
regarding any precipitate which may have been formed by the 
ammonia, add three or four drops of solution of aQuaoniiuu 
sulphide, and warm the mixture. 
\ A) No precipitate is produced. 

None of the metals included in Group III are present. Pass 
<inio46. 

C *) .4 Hack precipitate is produced. 
Iron, nickel, or cobalt is present. 
*" Add to a portion of the original solution some solution of 

Potassium hydrato. 

(a) A dull green precipitate is formed, which becomes nearly 
black, and finally reddish brawn when shaken up for a short 
I time in the tube, in order lo expose it to the air. 

I An IRON protosalt is present. In confirmation, test another 

■^ portion of the original solution with solution of potassiam 

^^L ferricyanide, which should produce a deep blue pre- 
^^B dpitate (p. 234, Expt. e). 
^^K (3) A light green precipitate is produced, which does not alter 
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in colour when exposed to the air or when the solution is 

boiled. 

Nickel is present. The colour imparted to a borax bead 

by a portion of the substance will be the best confirmatory 

test (16 f). 

(y) A light blue precipitate is formed^ which slowly turns 
green in the air, and becomes reddish brown when the solution 
is boiled. 

Cobalt is present. The blue colour imparted to a borax 
bead by a little of the substance will afford absolute cer- 
tainty (16 a). 

(fi) A reddish brown precipitate is formed. 

An IRON persalt is present. If so, hydrogen sulphide will 
have produced a precipitate of sulphur (33 B). Confirm 
this by testing another portion of the original solution with 
solution of potassium ferrocyanide, which will produce 
a deep blue precipitate of Prussian blue. 

(C) A dull pink precipitate is formed. 

Manganese is present. The colour imparted to a bead of 
borax or sodium carbonate will afford confirmatory evidence 

(16 €). 

(D) A light bluish green flocculent precipitate is formed. 
Chromium is present. The colour imparted to a borax bead 

will confirm this (16 y), 
41 It remains, however, to be decided whether the chromium 
was present as a chromate or as a chromium salt. If the 
original solution was red (or yellow, becoming red on addition 
of hydrogen chloride), and if when mixed with hydrogen sul- 
phide it became green, with simultaneous precipitation of 
sulphur, the substance is a chromate, and another metal has 
yet to be examined for, which may be included in Group Itt 
IV, V, or VI. 

If the salt is soluble in water, it will be strontium, calcii% 
MAGNESIUM, POTASSIUM SODIUM, or AMMONIUM chromatc. Tcst 
a fresh portion of the original solution, with addition of ammo- 
nium chloride and ammonia, as directed in 46, since the pre- 
sence of chromium will not interfere with the tests. 



f A SS^LE SUaSTAlfOB FOR A MXTAL, 289 

If the salt is insoluble in water, it may be zinc or barium 
diromate. (Other insoluble chromates in these groups are not 
likely to occur.) 

Add to a portion of the original solution, excess of solution 
of potassium hydrate. 
(a) A precipitate is produced which does no! redtssolve in excess 
0/ potassium hydrate. 

Barium is present. This should be confirmed bv testing 
a portion of the original solution with solution of oal- 
oium sulphate (47 o). 
(8) A precipitate is produied which dissolves in excess of 
potassium hydrate. 

Zinc is present. To confirm this, add to the same solution 
(containing excess of potassium hydrate) some solution 
of hydrogen aulphide, which, if zinc is present, will 
produce a white precipitate of zinc sulphide. 
(E) A whits precipitate is/ormedK 

The next step must depend upon whether the original sub- 
stance was soiubje in water, or insoluble in water but soluble 
in hydrogen chloride ; since in the latter case certain salts 
of metals belonging to Groups IV and V, which are soluble in 
dilute hydrogen chloride, but are reprecipitated when the solu- 
tion is neutralised, may be present. 
I. The salt was soluble in water. 
Zmc, ALUMINIUM, or silicon {a silicate) is present. 
Add to a portion of the original solution one drop of solu- 
tion of potassium hydrate. If this produces a precipitate, 
add more potassium hydrate, until the precipitate is redis- 
solved. 

(o) A precipitate is produced, soluble in excess of potassium 
hydrat'.. 

Zinc or ALUMtNiUM is present. 

Test a portion of the solution (containing escess of potas- 



• It must be remembered thil if the ammonium sulphide ia yellow, 
and if enough has been added to colour the solution, a vjUilt -^ik.- 
dpiw'e m'U appear i/ght yellow when loakei a^ 'Onio'a'^\ ■Oofe -it*is« 
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sium hydrate) with hydrogen sulphide. If this produces 
white preeipitali, zinc is present. This should be confirmed 
by the apphcation of the blowpipe test {p. 223, Expt. 3}. 
w) precipilate is produced hy the hydrogen sulphide, aluminii™ is 
present. To make certain of its presence, add to another 
portion of the solution about half its volume of solution of 
ammonium chloride, and apply heat. The formation of 
a gelatinous precipitate will confirm the presence of alumi 
nium '. 
O) Noprtcipitatt is formed. 

Silicon is present, and the salt is in all probability potas- 
sium or sodium silicate, since the other silicates are insoluble 
in water. 

Examine another portion of the original solution as directed' 
in 26, if this has not been already done. 

2. The salt was insoluble in water, and soluble in hydn^en 

chloride, 

4 Add to another portion of the original solution about 

third its volume of solution of eodium and hydrogen ta^ 

trats, and then add a slight excess of ammonia. 

(A) No precipitate is preduced. 
Zmc or ALUMINIUM is present, and should be tested for as 

directed in 42 '. 

(B) A permanent while precipitate is formed. 
The substance is an oxalate, a phosphate, or a fluoridj:, 

the other radicle being barium, strontium, calcium, or lUG- 
NESiUM. The colour imparted by the substance to flame (18)' 
will, if one of the first three is present, have already given 
evidence of it. 

' It will be well, howerer, to test the solution of potassium hydial 
an aluiniua.te. which it often coutaios. Take Iwa equal portions o 
solution, add to one a few drops of the solution you are analysiug*, the 
add to both half the volume of solution of aramoniuni chloride and "^ " 
them equally. If the polasaiuro hyi^rate is impure, a precipitate m 
formed ui both cases r but if the solution you are analysing contains «J 
nium, then there will be more precipitate iu that tube to which it has 
added. 

' Aluminium phosphate much tesewMea ».\.\KnK™m hfdrate in 
ties. If the presence o( alumimum U a.5cttv>a™ei, \sst ™.tj&«i -^ 
Ifie soiuljon for a phosphate, as iiitec*.e6\uv^*i'- 
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I Mix a portion of ihe original substance with about three 
times its bulk of sodium carbonate, and fuse it before the gas 
Uowpipe in a platinum dish (or a piece of platinum foil turned 
op at the edges). When the mass is thoroughly fused, allow 
it to cool, then place the dish in a beaker, add a little water, and 
boil for a minute or two. By this treatment the salt is decom- 
posed, the metal forming an insoluble carbonate, while the 
other radicle passes into solution in combination with sodium. 
(While this is going on you may examine other portions of the 
original solution for an oxalate, a phosphate, and a fluoride, as 
directed in 58 and 57.) 

Piker the solution containing excess of sodium carbonate, 
wasli the residue on the filter several limes with warm water, 
theti pour over it a litde dilute hydrogen chloride, and pour 
■te fluid which runs through again on ilie filter, until the whole 
of the precipitate is dissolved. The solution, which contains 
Ihe metal as chloride, should be boiled for a minute, to free 
it from carbon dioxide, then mixed with a sUght excess of 
ammonia, filtered from any precipitate formed, and tested as 
directed in 4B. 



4, Examination for the Metals included in Group IV. 

BARIUM, STRONTIUM, CALCItJM. 

Ammonium To the portion of the solution in which am- 

oarbonate teat, nionium sulphide has produced no precipitate, 
Lud which also contains ammonium chloride and ammonia, 
idd a few drops of solution of tumnonium carbonate, and 
apply heat. 

(A) No precipitate is fanned. 

None of the metals included in Group IV are present. Pass 
on to 48. 

(B) A white precipitate is formti. 
Barium, strontium, or calcium is present. 
Add to a fresh portion of the origi' 

volume of solution of oaleiuai BulpbaAie. 
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(a) A white precipilale is prodticid immediately. 

Barium is present. As a confirmatory test, add to another 
portion of the solution some hydrogeii and Bilicon 
fluoride, which will produce a crystalline precipitati 
barium is present. Observe also the colour imparled bj 
the original substance to flame (19). 

(3) No immediate precipitate is formed. 
Strontium or calcium is present 
Allow the solution to sEand for four or five minutes, 
then, if no turbidity appears, warm it. 

(y) A precipitate is formed after the lapse of some time. 

Strontium is present. The carmine-red colour imputed 
to flame will be a conclusive proof. 

(d) No precipitate is formed, men after the solution has htm 
allnwed to stand and warmed. 
Calcium is present. In confirmation, add to a fresh portioni 
of the original solution enough ammonia to render it 
alkaline, and then a drop of solution of ammonium OM.- 
late, which should produce a while precipitate '. Observe 
also if the substance imparts a brick-red colour to flame. 



6. Eixaminatloii for the lletal included in O-roup V. 



3 Bodima phoa- To the portion of the solution in which ani' 

piiBte teat. monium carbonate produced no precipitali 
which also contains other ammomum salts, add a drop of Eola- 
tion of sodium phoaphate, and, if no precipitate is producefij 
rub the sides of the tube gently with a glass rod. 

(A) No precipitate is formed. 
Macnesium is absent. Pass on to 49. 

(B) A crystalline precipitate is formed. 

otvV] ti\Maiilcrislic of 
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UAGrrBsnm is present. In confinnadon, applj the blowpipe 
» (p. =48 .). 



^Ixaminatioii for tlie Metals included In Group VT. 

POTASSIUM, SODIUM, AMMONIUM, HYDBOGEN. 

► To a fresh portion of the original solution placed in a small 
beaker, add a little CEilciiiin hydrate or oxide, cover the 
beaker with a watch-glass on which a slip of reddened litmiu- 
paper has been placed (p. 156 b), and warm the mixture veiy 
gently for half a minute. 

(A) The lilmiis-paper is turned blue. 

Ammonium is present. In confirmation, observe the odotir 
of the gas, and see whether while fumes are formed when 
a gkss rod dipped in hydrogen chloride (or acetate) is 
held within the beaker. The original substance will also have 
been found wholly volatile. 

(B) The h'Imus-paper is unaltered. 
PoTAssifM, SODIUM, or HYDROGEN is present. 

I Add to another portion of the original soluiion, rendered 
slightly acid, if necessary, by hydrogen chloride, a drop or 
two of solntion of platinum perchloride, and, if no precipi- 
tate is formed, evaporate the solution to dryness in a watch- 
glass and treat the residue widi dilute alcohol (p. 250 d). 
(A) A yellow crystalline predpiiale, or insoluble residue, is 



Potassium is present. To remove any doubt, test another 
portion of the solution (concentrated, if necessary) with solu- 
tion of aodium and hydrogen tartrate (p. 251 e), and 
also observe if the substance imparts a violet colour to flame 
{p. 25° a)- 
(B) No precipitate or insolttbh residue is obtained. 

Sodium or hydrogen is present, 

To test for the former metal, place a \\U\ft Q^ lint oTi.'gsM^ 
•■nbstance in a loop of platinum wire, and \io\4 vS. m 'in.e SMtas- 
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of a Bunsen's burner. If an intense yellow colour, lasting for 
some time, is imparted to the flame, sodium is present. 

If sodium is not found, and no other metal has been de- 
tected in the previous stages of the analysis, the basic radicle 
is probably hydrogen. 

Refer to p. 252 for other means of ascertaining this, and 
proceed with the eitamination for the other radicle (Sect. IV). 




The first point to consider is, whether the substance ba.s 
t>een found to be soluble in water or in acids. 

If it is soluble in water, the radicle sought must be one 
of those which form compounds soluble in water with the 
fnetal which is known to be present. If it is insoluble in 
Water, but soluble in acids, the radicle must be one of those 
""hich form compounds soluble in acids only, with the metal 
which is known to be present. 

The Table in Appendix C will shoW what radicles may 
be inferred to be present from the solubility or insolubility 
of a substance. 

Much information will have been gained from the pre- 
liminary examination (Sect. II); and the following radicles 
will, if present, have been certainly detected already in the 
:ourse of it : — 

Nitrate (15), carbonate (3,14, SB B), cyanide (18), suumoE 

(3), CHLORATE (15), SlUCATE (4, 26), TARTRATE Or ACETATE (11), 
HYPOS E 4 B 

Ho p ih d 

has bt m d b ad \) "iv 

esuli b b Dp g n 
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A. T/ie Substance is Soluble in Water, 
1. Examination for the Badides inoluded in Group V, 

CARBONATE, (TARTRATE), OXALATE, (FLUORIDE), SULPHITE, 
SULPHATE, PHOSPHATE, (BORATE), SILICATE". 

53 Barium chio- Add to a portion of the concentrated aqueous 
ride test. solution (which, if acid, must be made neutral 
or slightly alkaline by ammonia), a few drops of solution of 
barium chloride. 

If lead, silver, or mercury as protosalt, is present, barium 
nitrate must be used instead of barium chloride, since chlo- 
rine, as we have seen, forms insoluble compounds with these 
metals '. 

(A) No precipitate is produced. 

The salt is not a sulphate, sulphite, carbonate, phosphate, 
or oxalate, and probably not a tartrate, fluoride* borate, 
or silicate. 

It will be advisable to test for the last four radicles, even 
though no precipitate is obtained with barium chloride, since 
barium borate and tartrate are decidedly soluble in water, and 
the precipitate of barium silicate or fluoride is transparent and 
gelatinous, and might be overlooked. Pass on therefore to 
55, and if none of these radicles is found to be present, pro- 
ceed to 58. 

(B) A white precipitate is produced. 

Add an excess of dilute hydrogen nitrate to the liquid in 
which the precipitate is suspended. 

^ See p. 258. 

* The radicles which are included in brackets are only partially predji- 
teted from, solutions by barium chloride. 

^ A liiiXt barium nitrate fox \3q.\s -^ux^o^fc xaa:^ \it x^a^Sc^ ^x^^ed bf ^ 
dissolving a small quantity of "baiVum axAe^Vt^^^Xt, at <a«\iwoaXvNs!.^Ss^^ 
hydrogen nitrate. 
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(a) The precipitate remains undissolved. 
The salt is a sulphate. To confirm this, add to a fresh 
portion of the original solution, a drop of solution of lead 
ACETATE, which will produce a white precipitate if a sulphate 
is present The blowpipe test (p. 143) may also be tried. 
(/3) The precipitate dissolves. 
Pass on to the next paragraph. 
55 Add to another portion of the original solution (rendered 
slightly alkaline), a few drops of solution of ammonium 
chlorides and then some quantity of solution of oaloium 
sulphate or of oaloium chloride ^. 

(A) No precipitate is produced. 

The salt may be a borate or tartrate. 

(a) If the salty when heated in a glass tube (11), blackened and 
gave off vapours smelling like burnt stgar^ it is a tartrate. 
To confirm this, add to a portion of the original solution 
(neutralised if necessary with solution of potassium hydrate) 
some solution of silver nitrate, and boil it. If a tartrate 
is present, the solution will become black and turbid, owing 
to reduction of the silver salt (p. 161, 3 c). 

O) If the salt did not blacken when heated^ it is probably 
a borate. Place a little of the original solution in a 
watch-glass, acidify it with hydrogen chloride, dip into the 
liquid a piece of turmeric-paper, and dry it at a gentle heat. 
If the dipped portion becomes red, a borate is present. The 
colour imparted by the salt to the flame of alcohol (p. 187, 3) 
may be also tried, unless the metal present is copper. 

If neither of these radicles are fojnd, pass on to 58. 

(B) A whita^ecipitate is formed, 

^ If SILVER, LEAD, OF BCERcuRT are present this will produce a precipitate, 
"''hich must be filtered ofif. 

' Caloiuin sulpliate must not be used if the substance is a lead, barium, 
^ 8TR0NTIUM salt. 

Oaloium chloride must not be used if the substance is a silver or lead 
^t, or a MERCURY protosalt. 

Solution of oaloium nitrate is a convenient reagent, as it may be used 
^'i all cases. It may be easily made by adding excess of pure chalk, or 
^te marble, little by little, to some dilute hydrogen nitrate in a beaker. 
"^e solution should be boiled to drive off all the carbon dioxide, and 
^teitd. 
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The salt is an oxalate, fluoride, phosphate, silicate, or (' 
CARBONATE (the last two radicles will, if present, have been ^ 
detected). 
56 Add to the solution containing the precipitate in suspension, 
a few drops of hydrogen acetate. 
(a) The precipitate dissolves. 
The substance is a phosphate (selicate or carbonate*). 
To make sure of the presence of a phosphate, add a 
few drops of the original solution to a little solution of 
ammonium molybdate, and warm the mixture. If a yellow 
precipitate is formed, a phosphate is present. # 
(^) The precipitate remains undissolved* 
The salt is an oxalate or fluoride. 

57 Pour some of the original solution upon a little manganese 
diosdde in a test-tube, and add a few drops of strong 
hydrogen sulphate. If carbon dioxide is given off with 
effervescence (p. 162, Expt. 4), an oxalate is present. 
If no result is obtained^ test for a fluoride, as directed in 

2. Examination for the Badioles ineluded in Group II. 

cyanide, chloride, bromide, iodide, sulphide, hyposulphite, 
hypophosphite, (acetate)*, (nitrite) ^ 

58 Silver nitrate Add to a portion of the original solution 

test. (which, if alkaline, must be neutralised by ad- 

dition of hydrogen nitrate), several drops of solution of silver 
nitrate. 
(A) No precipitate is formed. 

No radicle belonging to Group II is present*. Pass on 
to 69. 

> These will have been already detected (3, 4, 25, 20). 

* Silver acetate in not quite insoluble in water, and therefore addition 
of silver nitrate causes a precipitate in solutions of acetates only if they 
are concentrated. ^ . 

* This will probably have been detected in the preliminary examiuationf 
see 28 f. p. 270. 

* Mercury cyanide, however, is not precipitated by silver jutrate. 
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(B) A vuhile or yellowish vjkite precipitate is "hrn/ed, which, after 
being washed, dissolves more or less readily in ammonia '. 
The salt is a chloride, cyanide, bromide, or acetate, 
A CYANIDE, if present, may have been already delected 
(3, 13, 27). The reaction with iron protosulphate (Expt a, 
p. 1(14) should be tried with a fresh portion of the original 
solution, 

[A FERROCVANIDE will also evolve cyanogen when heated in a 
tube, but it may be distinguished from a cyanide by giving a deep 
itltur precipitate when the acidified solution is tested with a drop of 
Iron perohloride.] 

If the precipitate is yellowish-u>AHe, and has not dissolved 
readily in ammonia, a bromide is probably present. The 
reaction with cEvrbon dlBulpliida and solution of chlorine 
(p. 169) will afford decisive proof 

If the prfcipitate is crystalline, and if the original salt black- 
ened when heated in a glass tube (9), an acetate should be 
tested for, as directed in p. 160, Expt. 3. 

If none of the above radicles are present, the salt is a 
CHLORIDE. If so, chlorine gas will be evolved when a httle 
of the original solution is heated with manganese dioxide 
and strong hydrogen aulphat© (p. 166, Kvpt. 3). 
(C) A light yiUow precipitate is formed. 
The salt is an iodide. 

The reaction with potassiiiin nitrite and starch (p. 174) 
will afford conclusive evidence. 

^) A precipitate is foritud which is at the first moment white, 
M rapidy turns yellow, brown, and finally black. 

The salt is a hyposulphite. The precipitation of sulphur 
and evolution of sulphur dioxide, on addition of an acid to the 
neutral solution, will have been already noticed '. 

The presence of cyanogen will have been shown by the preliminary 



' Instead of wailbg to see whether all the precipitate dissolies in the 
anunoiiiB, pour oif 3 little of the clear fluid into another tube and add to it 
■ lew drops of dilute hydrogen nitrate. If this ca.uses & tAutndit^ , >iae. saW- 
Wity of the original precipilale may be consideted asptoNeA. 
• Jf/pDpAospfij"ies give a white precipitate of alverh-jB0"j'a.o=i^'^ft,"«^ii2ii. 
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(B) A black precipitate is produced at once. 

The salt is a sulphide. 

The results of the preliminary examination (3 /3) will serve 
to confirm this. 



8. Examination for the Badleles included in Group IIL 

NITRATE, CHLORATE, [ACETATE], [HYDRATE]. 

59 Add to a portion of the original solution several drops of 
strong hydrogen sulphate (if lead, barium, or strontium is 
present, a precipitate will, of course, be formed, which must be 
filtered off), add one drop of dilute solution of indigo sulphate, 
and heat the liquid. 

(A) The blue colour of the indigo disappears. 
The salt is a nitrate or a chlorate ^ 

60 Place a portion of the solid salt, or of the residue obtained 
on evaporation of the solution (21) in a test-tube, and add a 
little strong hydrogen sulphate. 

(a) The substance turns yellow^ and a yellow gas is given off, 
possessing the odour of a chlorine oxide. 
The substance is a chlo:^ate. 

The reaction given at p. i68, Expt. 6 f, will aflford con- 
firmatory evidence. 

(/S) The substance does not turn yellow^ or evolve gas. 
It is a nitrate. 

To confirm this, allow the solution to become quite cold, 
then pour down the side of the tube a little solution of 
iron protosulphate. If a dark brown ring is formed 
(either immediately or in a minute or two) at the junction 
of the fluids, a nitrate is present (p. 152, Expt. 8). 

(B) The blue colour of the indigo remains unchanged. 
The salt is an acetate. 

rapidly darkens, owing to its reduction to metallic silver. The evolution of 
spontaneously inflammable hydrogen phosphide, when the original salt 
is heated in a tube (p. 1 84, Expt. i ), will be a conclusive proof of the 
presence of a hypophosphite. 
' This vfiH have been already infened &om the results obtained in 16* 
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I- If SO, the original substance will have become charred when 
lieated in a glass tube (9). The reaction with li;dr(%6n 
sulphate and alcohol (p. r6o) should be tried as a con- 
firmatory test. 
!X If no other radicle can be discovered, the subalance is pro- 
bably a HVDRATE, The alkaline reaction of the solution, and 
the resemblance of the substance to one of the hydrates which 
are soluble in water, viz. barium, potassium, sodium, and 
AMMONIUM HYDRATES, Will confirni this. 



B- Tiie Substance is insoluble in Water, but dissolves in 
Hydrogen Chloride or Aqua Regia ; or, if it is in 
solution, tJie solution has a strongly acid reaction (23). 

S If the substance is a metal, which may be inferred with 
certainty from its possessing the known properties, e.g. lustre, 
malleability, fusibility, &c. of the metallic radicle which has been 
already delected, no other radicle need be examined for '. 

3 Refer to the Table of Solubilities, Appendix C, to ascertain 
what radicles form salts insoluble in water but soluble in acids 
with the metal which has been found. These radicles are all 
which, as a rule, need be regarded as possibly present ; but as 
there are many different degrees of insolubility, it will be safest 
to consider the Table as indicating what radicles ought at all 
events to be examined for, without absolutely excluding others, 

>4 If the preliminary examination has shown that an organic 
acid is present, pass on to 66. 

If an organic acid is not present, test separate portions of the 
acid solution, 

(A) With solution of barium chloride (p. 183 3.) for a sul- 
phate. 

(B) With solution of ammoniuxa molybdate (58 a) for a 

PHOSPHATE. 

(C) With turmeric-paper (55 3) for a borate. 
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(D) With a drop of chlorine water and a little carbon disul- 
phide (pp. 169, 175) for a bromide and iodide. 
(B) By evaporation to dryness and treatment of the residue 
with hydrogen chloride (26) for a silicate. 

65 Test separate portions of the solid substance (or of the 
residue obtained by evaporation), 

(A) With solution of iron protosnlphate (60) for a 

NriRATE. 

(B) With manganese dioxide and hydrogen sulphate 

(57) for an oxalate. 

The same mixture will, on the application of heat, give off 
chlorine, if a chloripe is present. 

(C) With strong hydrogen sulphate, in a platinum vessel 
(p. 175), for a fluoride. 

(D) For a cyanide, in the following way : — - 

Take two watch-glasses of equal size ; place in one a little 
of the original substance, and add six or eight drops of slightly 
diluted hydrogen sulphate; place in the other watch-glass 
a single drop of ammonium sulphide, and invert the glass 
quickly over the other one, so that the drop of ammonium 
sulphide may be retained in the centre of the concavity. Place 
the two watch-glasses, with their edges in contact, on a sand- 
bath, and apply a gentle heat. The cyanide will be decom- 
posed, and the hydrogen cyanide evolved will be absorbed by 
the solution of ammonium sulphide with formation of am- 
monium sulphocyanate (p. 164). After the lapse of two or 
three minutes, take off the uppermost watch-glass, and evapo- 
rate the drop of liquid carefully to dryness ; pour a drop or two 
of dilute hydrogen chloride on the residue, and add one 
drop, or le§s,. of solution of irou perehloride. li a deep 
blood-red solution is formed^ a cyanide is present. 

66 \ian organic salt is present^ hoW a portion of the substance 
with solution of sodium carbonate, filter it from any insoluble 
residue, and' when the solution is nearly cool, add one or two 
drops of solution of silver nitrate (which will probably cause 
a white precipitate), and warm the liquid gently, 

(A) The mixture turns black. 
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\ The substance is a tartrate. The peculiar odour emitted 

s carbonisation in a tube (11) will confirm this. 
B) 77urs is no redtution of the silver sail, 

I The substance is an acetate. The reaction with hydrogen 
Kphate and alcohol (p. 160) will serve as a confirmatory test. 

1 of If the above tests have given no satisfactory 
I the metal. results, it will be advisable to separate the metal 
i to obtain the other radicle in combination with sodium or 



; means to be employed for effecting this will depend 
1 the metal present, 
K.) The metallic radicle belongs to Group 1, 11, or III. 
I- Boil some of the substance with 5 or 6 c.c. of solution of 
m sulphide for a few minutes : allow any residue 
b subside, decant the clear solution into a porcelain dish, and 
japorate it to dryness. Warm the residue with some water, 
r the solution, which (unless the original substance was an 
, antimony, or tin salt) will contain only the non- 
tallic radicle- associated with ammonium, and examine it as 
1 Sect. IV A. 

[ic, ANTiMONv, or TIN have been found to be present 

; solution will contain ammonium snlph arsenate, sulph- 

monate, or sulphostannate. In this case, add to the solu- 

a slight excess of dilute hydrogen nitrate, which will 

row down the metal as sulphide, filter the solution, and ex- 

s directed in Sect. IV A, remembering that a nitrate 

Jnow present. 

■) The metallic radicle belongs to Group IV or V. 

toil some of the substance with solution of sodium cor- 

mate for a few minutes, fi'er ihe solulion, and test il as 

ed in Sect. IV A, decomposing the excess of sodium car- 

e with dilute hydrogen chloride or nitrate, as required. 

^ If no non-metallic radicle can be detected by the above course 

8E CKamination, the substance is probably an oxide. 



SECTION V. 

ANALYSIS OF A SINGLE SUBSTANCE WHICH IS 
INSOLUBLE IN WATER AND ACIDS. 

68 It will be seen, by a reference to the Table of Solubilities 
(Appendix C), that the salt must be one of a very limited num- 
ber of substances. The following list includes all the insoluble 
substances which are commonly met with in inorganic analysis. 

Carbon, sulphur, silver chloride, silver bromide, silver 
IODIDE, lead sulphate, TIN DIOXIDE (tin-stoue, putty powder), 
antimony pentoxide, iron and chromium OXIDE (chrome iron- 
stone), chromium peroxide \ BARIUM SULPHATE, STRONTIUM 
SULPHATE, CALCIUM FLUORIDE, SILICON DIOXIDE, and Seveial 
SILICATES. 

The preliminary examination will here be especially useful, 
and will have led to the detection of the metallic radicle, at all 
events, in most of the above substances. 

Refer to the results obtained by heating the substance in 
a tube (9). 
(A) The substance is dark-coloured^ and infusible. 

It may be carbon, chrome iron-stone, or one of certain 

SILICATES. 

69 Heat it strongly on a piece of platinum foil, with free access 
of air, directing the blowpipe-flame on the under surface of the 
foil. 

(a) // glows and burns away more or less quickly^ leaving ^ 
slight residue of white ash. 

It is carbon. Confirm this by heating a little potassium^ 
nitrate in a tube until it begins to decompose, and dropping 

* Iron peroxide (rouge) and aluminium peroxide, after ignition, dissolve 
only with great difficulty in acids. 



ANALYSIS OF A SINGLE SUBSTANCE, ^C, 305 

into it a small fragment of the substance. If it is carbon, it will 
deflagrate strongly, with formation of a carbonate, which latter 
may be recognised in the usual way (p. 158) ^ 
(3) 7/ ts unaltered in appearance, 
D Make a bead of microcosmic salt, introduce into it a 

very small quantity of the finely powdered substance, and 
heat it in the blowpipe-flame. 

If it dissolve entirely^ and colours the head deep green in both 
oxidising and reducing flames^ it is chromium sesquioxide, 
or CHROME IRON-STONE. It must be decomposed by fusion 
with sodium carbonate (73). 

If a residue remains floating undissolved in the melted bead, 
the substance is a silicate and must be decomposed by 
fusion with sodium carbonate (73). 

(B) The substance is yellow, and volatilised entirely in the tube, 
condensing in brown drops. 

It is SULPHUR. If so, it will deflagrate when dropped into 
melted nitre (69), and the fused mass will contain a sulphate, 
which should be tested for with barium chloride ^. 

(C) TTie substance is white or light yellow, and /used below a red 
heat. 

It is SILVER CHLORIDE, BROMIDE, Or IODIDE. 

1 Fuse about i grm. of the substance with three times its weight 
of sodium carbonate (or of a mixture of sodium and potassium 
carbonates) in a porcelain crucible, or on a piece of a broken 
porcelain dish. 

Boil the fused mass with several successive portions of water, 
until everything that is soluble is dissolved ; then examine the 
solution, filtered, if necessary, for a chloride, bromide, and 
IODIDE (58). The residue will consist of silver, and should 
be dissolved in rather dilute hydrogen nitrate, and the solu- 
tion tested for silver (31). 

(D) The substance is white, or yellowish white, and did not fuse 
when Tieated in the tube, but turned yellowish brown, becoming light 
iigain on cooling. 



^ Graphite, however, is not acted on by melted mtie. 
* It must be home in mind that nitre often corvtams 



z. \xzsx. cA s>A'^'a^^* 
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It is TIN DIOXIDE, or ANTIMONY TRIOXIDE. 

The reduction on charcoal (17) will enable you to distinguish 
between these two substances, and as a further confirmation, 
the globule of reduced metal may be dissolved in strong hy^- 
drogen chloride with addition of a drop of hydrogen nitrate, 
and the solution tested for tin and antimony (33). 
(E) The substance is white, and remained unaltered on being 
heated strongly i?i the tube. 

(a) No evidence of the presence of a silicate has been obtained 

in 70. 

The substance may be lead sulphate \ barium sulphate, 

STRONTIUM sulphate, OF CALCIUM FLUORIDE (pOSSibly alsO 

aluminium and SODIUM FLUORIDE, cryoHtc). 

72 Boil a portion of the substance with some strong solution 
of sodium carbonate for two or three minutes^ ; filter the 
solution and test it (after decomposing any excess of sodium 
carbonate by adding a few drops of hydrogen chloride 
and heating) for a sulphate (53). Wash the residue (which 
may consist of lead oxide, barium carbonate, or strontium 
carbonate), transfer it to a tube, dissolve it in dilute 
hydrogen nitrate, and test the solution for lead (33), 

BARIUM, and STRONTIUM (47). 

(iS) A silicate has been found to be present. 

73 Decomposition "^^ ^^^ ^^^^' ^^^ ^^^^ ^^ CHROMIUM has been 

of insoluble detected (70), the substance must be decom- 
posed by fusion with sodium carbonate, in th^ 
following way : — 

Reduce some of the substance to an impalpable powdeiar 
(using an agate mortar, if possible), and mix it with aboii. "t 
four times its weight of sodiiun carbonate (or of ^ 

* If so, when a small portion is moistened with a drop of solution <=>/ 
ammonium sulphide, it will tufn black. 

^ While this is going on, a fluoride may be tested for by heating a littXc 
of the substance (in a platinum vessel) with strong hydrogen sulphate, an.<^ 
observing whether vapours are evolved which etch glass (p. 1 76). If a fliiO' 
ride is found to be present, continue heating the substance with hydrog^^ 
sulphate for five or six minutes, then allow the mass to cool, add a littl* 
water, mixing it thoroughly with the substance, and boil the mixture ia ^ 
test-lube. Test the filtered solution for calcium (47) and aluminium (42)- 
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m 

mixture of sodium and potassium carbonates, which fuses 
at a much lower temperature than sodium carbonate alone). 
Place the mixture in a platinum capsule or on a piece of 
platinum foil turned up at the edges, and heat it strongly 
over the gas blowpipe, adding a small quantity of potas- 
sium nitrate, until all action is over and the mass is in a 
state of calm fusion. After allowing it to cool, detach it 
from the capsule, and heat it in a porcelain dish with some 
dilute hydrogen chloride, evaporating it, finally, to com- 
plete dryness, in order to separate the silica, if present. 
Warm the residue with a little strong hydrogen chloride, 
then add some water, and, after filtering the solution, 
examine it, as directed in Sect. Ill, for a metallic radicle ^. 
The residue on the filter, if any, will consist of silica, or 
possibly of some of the original substance which has 
escaped decomposition. It should be examined in a bead 
of microcosmic salt to see if it really consists of silica. 

* If CHROMIUM is detected, iron should also be examined for. 

Silicates are so often complex in their structure, consisting of silicon 
associated with several metallic radicles, that it is always safest to examine 
the solution by a method which is applicable to mixtures of salts. 
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SECTION VI. 

EXAMPLE OF THE ANALYSIS OF A SINGLE 

SUBSTANCE. 

(The substance taken was manganese chloride.) 

The single substance for examination was a light pink amor- 
phous solid, which soon became moist when exposed to the 
air, and was readily powdered in a mortar. 

A. Preliminary Examination. 

1. A portion of the substance, heated in a test-tube with 
some water, readily dissolved, forming a nearly colourless solu- 
tion which was neutral to test-paper. 

2. A little of the solid substance was heated gently in a bulb- 
tube. It gave off traces of water, and when heated nearly. 
to redness it fused into a brownish liquid which solidified, on 
cooling, into a pink crystalline mass. No vapours were given 
off, and no charring of the substance was observed. Hence 
no organic radicle is present. 

3. Since the substance was coloured, a little of it was heated 
in a borax bead before the blowpipe. It gave a transparent 
bead which was amethyst -red in the oxidising flame and 
colourless in the reducing flame, indicating the presence of 
manganese. 
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B. Examination. of the Solution for a Metal. 

1. A portion of the solution was tested with a few drops 
of dilute hydrogen chloride. No precipitate was formed, and 
therefore silver, mercury (as protosalt), and probably lead, are 
absent. 

2. To the same portion of the solution (containing hydro- 
gen chloride) was added an excess of solution of hydrogen 
sulphide, and the mixture was warmed. No precipitate was 
obtained, and therefore no metal belonging to Group II is 
present. 

3. The same portion of the solution was mixed with some 
solution of ammonium chloride, rendered alkaline with am- 
monia (which caused a precipitate), and tested with a drop 
of solution of ammonium sulphide. A dull pink precipitate 
was produced, indicating the presence of manganese. This 
result was sufficiently confirmed by the colour imparted to a 
borax bead. 

The metal, therefore, is Manganese. 

C. Examination for the non-metallic Badicle. 

Since the substance is a manganese salt readily soluble in 
'Water, the following radicles may be present : — Nitrate, Acetate, 
Chloride, Iodide, Bromide, Sulphate, Chromate. 

The results of the preliminary examination have shown that 
tile salt is not a nitrate, acetate, or chromate. 

1. A portion of the original solution was tested with a drop 
of solution of barium chloride. A slight turbidity was pro- 
duced, which did not disappear when excess of hydrogen 
nitrate was added ; but as the precipitate was quite dispropor- 
tionate to the quantity of salt known to be in solution, it proved 
that a sulphate was present only as an impurity. 

2. Another portion of the solution was tested with solution 
of silver nitrate. A white flocculent precipitate was formed^ 
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which was found to be insoluble in hydrogen nitrate, but 
readily soluble in ammonia, indicating the presence of a 
chloride. 

As a confirmatory test, a little of the solid substance was 
mixed with some manganese dioxide, and warmed in a test- 
tube with some strong hydrogen sulphate. A gas was given 
off which was proved to be chlorine by its odour, its yellowish 
green colour, and its bleaching action on a piece of litmus- 
paper held in the tube. 

The non-metallic radicle is, therefore, Chlorine ; 
and the substance is Manganese Chloride. 
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SUGGESTIONS VOR THE CONSTRUCTION OF CHEMICAL 



\ 



APPARATUS, 



The set of apparatus describEd at the beginning of this book is, 
necessarily, a rather expensive one ; and although it includes 
nothing which wou'd not be found in a regular laboratory, yet 
a student who is working by hiinself may not find it possible or 
advisable to spend so much on the materials for his experiments. 

The object of the present chapter is to supply a few hints for 
the construction of simpler and cheaper forms of apparatus, such 
as may be made by any one possessed of a little mechanical skill 
and a few carpenter's tools. The student should never rest 
satisfied with clumsy makeshifts ; he should endeavour to do the 
best he can with the materials he has at hand. 

1. Fneumatic Trougha. An earthenware pan, a large biscuit 
tin, or even a \\ooden box (covered with three or four coats of 
good paint) will answer the purpose. The shelf may be made 
of a sheet of tin plate or zinc, about 14 or 15 cm, wide, and 
sufficiently long to reach across the trough. A portion on each side 
about I cm. broad should be bent down, as shown in Fig. 57, to 

\ 





give stilfness to the s'lelf, and a hnic ahinit 3 cm. in diameter should 
be cut in the centre. The size of the hole should first be traced 
out with a pair of compasses, and the metal ma.'j tUcn te, hmX-^kWci. 
a chisel or with the blade of a strong knife struc'te.N\'\'i.\\ a-VaTCLKvei^i 
the plate being hid on a piece of board. To suspeni iVvs *^^ "^^ 
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its place in the trough the ends of the strip of tin should be turned 
up and bent over the rim of the trough. Or, four pieces of strong 
brass wire may be passed through holes made at the four comers of 
the shelf, and bent up over the rim. Instead of tin plate the shelf 
may be made of wood (well painted), having one or two pieces of 
lead nailed on its under side to sink it, and suspended by wire 
hooks. 

Instead of a shelf reaching across the trough, a * bee-hive ' shelf, 
Fig. 58, may be used. This is intended to stand on the bottom of 
the trough, the delivery tube being introduced into the side-opening, 
and the gas jar being placed over the central aperture. Such a shelf 
may be purchased for a shilling, or less ; but it may be easily made 
out of a common gallipot, or flower-pot saucer. The hole in the 
centre may be pierced by gradually chipping away the material with 
the point of an old three-square file, care being taken that the 
blows of the hammer are light. The notch at the side may be cut 
out by chipping or crumbling away the earthenware with a pair of 
pliers. There is, of course, some chance of breaking the pot, but 
if it is placed on a folded cloth, and if the chipping is carefully 
and patiently done, the risk is slight. 

Finally, an extempore shelf may be made by placing two bricks 
side by side in the trough, a sufficient interval being left between 
them to admit the delivery tube. 

2, 8. Supports for Flasks, Tubes, &c. A very useful tripod- 
stand for supporting sand-baths, &c. may be made by taking three 
pieces of stout iron wire or thin rod, about 45 cm. long, bending 
them into this form 11, and binding them together by folds of thin 
iron wire, so as to form the stand represented in Fig. 59. 




Fig. 59- 



Fig. 60. 



For small crucibles, a triangle support is extremely useful, Fig. 60. 
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made bj- taking three bits of tobacco-pipe stem about 6 cm. in 
th, passing through each a piece of iron wire of such a length 

about 4 cm. projects at each end of the pipe stem, and then 
zing together these projecting pieces of wire. It is intended to 
jid oil the ring of a retort -.stand or on the tripod-stand above 

simple form of holder is represented in Fig. 6i, which may be 




Fig. 6i 



Fig. 6.. 



tructed by the student himself. The base (12 "24 em.) and 
Jpright (5 ' JO cm.) are made of deal about 2.5 cm. in thickness. 

upright is mortised and glued into the base, and has a slit about 
1!. wide cut in it to a distance of 20 cm. from the top. The ' 

a is of harder wood, such as birch or beech, and is 3 cm. 
re and 7 cm. long. The screw b is one of the common brass 
lb-screws sold by ironmongers ; a ho!e is bored in the arm a 
:ceive it, and its nut is inserted in a small mortise cut in the 






triangle is also very useful for supporting funnel, containing 
:r a beaktr. For this purpose 3. piece of thin board, ahouc 
with a hole in the middle, will answer equally well. 
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arm about 2 cm. from the end. The screw passes through a collar 
(for which a small brass or iron pulley answers well) on the other 
side of the upright, and by tightening it the arm may be secured at 
any height. At the other end of the arm a saw-cut is made in 
which are placed two strips of stout tin or brass plate about 
12 X 3 cm., firmly secured by the two screws shown in the figure. 
The outer ends of these strips are curved so as to grasp a tube 
or a retort, and their grip is tightened by slipping outwards the 
ring c. This latter is a common curtain ring 2.5 cm. in diameter, 
carefully flattened into the shape of an elongated ellipse. 

The cost of the materials for such a stand is about eightpence or 
ninepence ; the labour of making it would be, to many, a pleasure. 

4. Qas-bTimers. It will be best to obtain at starting a fish-tail 
burner attached to a firm base, such as is represented in Fig. 5 (p. 4), 
since a blowpipe burner and a Bunsen's burner can be easily fitted 
to it. 

A serviceable, though not ornamental, form of base is shown in 
Fig. 62. It consists of a block of wood, about 8 cm. square, on 
which is fixed, by means of two screws, a * three-eighths angle 
burner * with fish-tail nipple, which may be procured from any gas- 
fitter. A stop-cock need not necessarily be fitted to it, since the 
stop-cock of the supply pipe will regulate the current of gas. 

A Blowpipe Burner, of the form of Fig. 5 a (p. 4), may be made 
of a piece of glass tubing about i cm. in diameter and 5 cm. in length, 
having one extremity cut obliquely and flattened in the blowpipe- 
flame until it somewhat resembles Fig. 29 (p. 41) in shape. The 
flattening should not be carried so far as to close the opening, but 
a narrow slit about i mm. in width should be left. This tube may 
then be fitted over the fish-tail nipple by an india-rubber connector. 

A Bunsen's Burner may be made, as shown in the figure-- 
by placing over the fish-tail nipple a tube of glass or brass open ai^* 
both ends, about 1.5 cm. in diameter and 12 or 14 cm. in lengt 
secured in its right position by two wedges of cork or soft woo 



Plenty of room should be left for air to enter at the lower end, an_ 
the tube should be raised or lowered a little, until a non-luminoi 
flame is obtained. A tube of brass is, of course, the best, but a 
piece of * composition * (lead and tin) gas tubing will answer wfe^i. 
Instead of leaving air-space at the bottom of the tube, it may fc>e 
fitted close round the burner, and two large notches may be fil^ <i 
one on each side, at such a height that when the tube is fixed in 
its place, the top of the fish-tail jet may be i mm. below the highest 
part of the notch. 
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A test-tube, the closed extremity of which has been cut off, 
makes a very useful burner; the only drawback being that the 
flame is slightly coloured by the sodium of the glass. This may be 
obviated by fitting over the top of the tube a short metallic ferrule, 
made by wrapping a strip of thin brass or tin plate, about 3 cm. 
broad, round a cylindrical rod a little smaller than the burner itself. 
The strip should be of such a length that its ends overlap each 
other, and the joint need not then be soldered. The elasticity of 
the metal will keep it in its place, when it is fitted over the end of 
the glass tube burner. 

A still simpler form of burner may be made as follows. The gas- 
jet is formed by flattening one extremity of a short elbow tube, as 
in making the blowpipe burner, until a narrow slit remains. Over 
this is fitted a test-tube, as above described, by wedges of cork, 
and the elbow tube is passed through a notch cut in a large cork. 
This latter is fitted over the beak of an inverted funnel which 
serves as the base. 

A Hing-biimer, which will serve the purpose of an Argand 
burner, is represented in Fig. 63. It is nothing more 
than a flat, hollow, brass door- or cupboard-handle, ^^^H| 
about 4 cm. in diameter, round which eight or ten ^^^T 
small nicks have been cut with a file, through which ^|P 

the gas issues. The hole into which the axis of the ^L 

latch fitted should be enlarged with a rat-tail file W 

and with a broach (for which latter the tapering A ^S 

end of a screw-driver will serve), until the cylindrical 4lB^^ 

part of the fish-tail nipple will just enter it. p. ^ 

8. A Sand-bath may be made by turning up the 
edges of a piece of tin plate about 16 cm. square, so as to form 
a shallow box 2 cm. in depth. A porcelain dish may be used as 
a sand-bath, but there is some risk of cracking it. 

10. A Mouth Blowpipe, made of glass, is represented in 




Fig. 64. 
Pig. 64. A good sound cork is selected, a hole is bored two-thirds 
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of the way through it, and another hole is then bored in the side to 
meet the first. Into this latter hole is fitted a short jet of hard 
glass tubing, and into the other hole is fitted a piece of glass tube 
about 20 cm. in length. A bulb may be blown on this latter tube 
near its lower end, to serve as a reservoir for condensing the 
moisture of the breath. 

14. For a Cork-borer the tube of a steel pen-holder will answer 
pretty well, but it is hardly strong enough to last very long. Holes 
may be made in corks by means of the rat -tail file alone, the latter 
being worked into the cork like a gimlet. As, however, the file 
does not cut through, but pushes aside the particles of cork, there 
is some risk of splitting the cork. 

18. A Deflagrating Spoon may be made of the bowl of 
a tobacco-pipe, partially filled up with plaster of Paris (for the 
method of using this, see p. 246), in order to reduce its depth. 
A piece of copper wire should be twisted round the bowl, and the 
end bent up and passed through a large cork, or bung. Instead of 
a tobacco-pipe bowl, a small block of chalk or of plaster of Paris, 
hollowed into a cup, may be used. 

19. A Deflagrating Jar, which answers every purpose, may be 
made by cutting off" the bottom of a large wide-mouthed glass 
bottle. This is best done by leading a crack round it by means of 
a piece of heated glass (p. 4c). The crack should be begun at the 
edge, the red-hot glass being pressed against it for a short time, 
and then a drop of water applied. There is generally some little 
difficulty in inducing the crack to follow the heated glass evenly, 
owing to the irregular thickness of the glass near the bottom of the 
bottle, and the crack should never be left to itself for any time, lest 
it should extend itself in a wrong direction. A bottle may often 
be found which is thinnest where it should be strongest, viz. 
at the angle formed by the sides and the bottom. In this 
case the bottom may generally be detached evenly by a sharp 
blow of an iron rod introduced through the neck of the 
bottle. 

The edges of the glass should be roughened with a file, and 
it is advisable, though not necessary, to grind them level upon a 
flat paving stone with the assistance of a little fine sharp sand, or 
emery, and water. The jar should be rubbed on the stone with 
circular strokes, not backwards and forwards, or the edges are likely 
to chip away. 

20. Very useful Gas Jars may also be made out of bottles; 
the necks being cut off in the manner above described. For most 
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s, however, tall wide- mouthed bottles will answer without 

in. The small bottles, about 14x5 cm., in which quinine is 

: particularly suitable for experiments; but gases should not 

Ddcd in them. 

Instead of the stoneware Traye fbr Qaa Jara, common 

may be used. 

Elorenoe Flaeks will answer almost every purpose for 

Hasfcs are required. Their necks are rather narrow for 

in which two tubes have to be fitted ; the latter must be of 

iameter, and the holes in the cork made with extra care. 

sparing gases which are evolved without the necessity of 

; heat, such as hydrogen and carbon dioside, wide-mouthed 

will answer quite as well as flasks. 

rhieUo Punnela. In place of these, ordinary funnels, 

i to long pieces of glass tubing by india-rubber ci 

used. The connectors, however, will be slowly a 
ig acids are brought in contact 



\ simple form of Spirit Lamp 
Esented in Fig. 65. A cork is 
:o a wide-niouthed bottte, and 
if glass tubing about 6 mm, in 
■r and 8 cm. in length, passed 
a hole bored in the cork, serves 
vick-holder. A small nick should 
in the side of the cork to admit 
lerwise the spirit will not rise 
A short wide test-tube is fitted 
i cork as a cap, to prevent evapo- 
3f the spirit when the lamp is not 



Wleaka, and Betorts, the necks 

h are broken, may be converted Fig- 65. 

iporating dishes by leading a crack 

rom the broken part to within 5 or 6 cm. from the bottom, 

=-a continuing it horizontally round the flask. A capsule 
cm. deep will thus be obtained, which will serve as well as, 
better than, a porcelain dish for evaporations, but cannot 

i for ignitions. A clean iron spoon, not tinned, will often 

Dr the latter purpose. 

A Drying Tube may be made out of a piece of glass 

ibout 1.5, cm. in diameter and 15 or 20 cm, i'ateftgi.V.a,\!e5S-- 
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pumice rather larger than peas, which will rest upon the ledge 
formed by the projections, and then a quantity of smaller bits of 
pumice, until the tube is nearly full. Finally, a little concentrated 
hydrogen sulphate should be poured in through a funnel, and the 
cork turned round again and gently pressed into its place. The 
acid will, as it descendg, moisten the pumice, and any excess will 
collect at the bottom of the tube, and may be withdrawn by blowing 
through the short elbow tube, which will cause the acid to rise 
through the long tube. 

One advantage of this form of drying tube is, that the pumice can 
be easily drenched with fresh acid, and the excess of acid with- 
drawn, without removing the pumice from the tube. Moreover, 
any number of these tubes can be arranged in an ordinary test-tube- 
stand, if required, or clustered together and held by india-rubber 
bands. A short wide-mouthed bottle forms a good support for 
a single tube, the latter being passed through a large hole in the 
cork. 

69. Qas Blowpipes. The form of blowpipe represented in 

Fig. 14, p. 14, cannot be procured for much less than £1. A 

slightly different form, in which the feeder consists of a small pair 

of bellows, may be obtained at a rather lower price. A very cheap 

and simple gas blowpipe is represented in Fig. 67. 

The air reservoir is a bladder, round which a large and strong 

india-rubber ring is placed to give it elasticity ^ The air is supplied 

at intervals from the lungs through the tube a, at the other end of 

"which is a valve to prevent the return of the air. This valve is 

represented in full size at &, and is thus constructed. A cork about 

1.5 cm, in diameter is selected and a hole bored through it, into 

which the tube a is fitted so that its extremity may be just level 

with the surface of the cork. Across the end of the cork is laid 

a strip of oiled silk (oilskin) about i cm. or rather less in breadth, 

and its ends are turned down on each side of the cork and secured 

by an india-rubber ring, or folds of thread. The mouth of the 

bladder is closed by a cork about 2 cm. in diameter through which 

^ A bladder, when allowed to dry, loses most of its pliability. To keep 
it moist and fit for use, it should be rubbed over with some glycerine, 
diluted with an equal bulk of water, a little of the liquid being also poured 
into the interior. 

Another method of preserving a bladder is to allow it to dry in a dis- 
tended state, and then to rub over it a rag dipped in sweet oil. If the 
bladder is now twisted and worked in all directions between the hands, 
it will become permanently pliable, and will not have the unpleasant smell 
of a moist bladder. 
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two holes are pierced : into one tlie tube a is fitted ; into the c 
a short lube c, bent to an obtuse angle and terminating ii 
Over this jet is fitted by a cork a common three-eighths T-piec 
(which may be obtained from any gas-fitter) ; and to the sid( 
branch of this liittcr is adapted a short piece of glass (or 
brass) tubing, to be connected with the gas supply. The val«^ 




having been fitted to the tube a, the cork is placed in the net-i 
of the bladder, and tightly secured by several folds of string; tfn' 
whole may then be supported in a Bunsen's holder, and the g-i' 
turned on and lighted at the open end of the T-piece. On blowini' 
into the tube a the bladder will become distended with air, wWeA 
will be forced out through the jot by the elasticity of the indw- 
ber ring. A very good avid fairly uniform brush-flame may 
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•thus oblained, quite hot enough for most glass-blowing oper;itions. 
Moreover, with a small air-jet, a low pressure of air, and a limited 
supply of gas, a well-defined pointed flame may be formed, which 
answers well for analytical blowpipe operations. The air-jet should 
not, in any ease, be made larger than 1 mm. in diameter, otherwise 
the labour of supplying air from Che lungs becomes considerable. 
An obvious expedient for avoiding this labour is, to connect the 
tube « by a long piece of india-rubber tubing with the nozzle of 
a common pair of bellows; the latter being fixed in a fi-amc or box 
and placed on the floor. The upper board of the bellows may be 
kept raised by a spring, or by an india-rubber band, and pressed 
down by the foot 

The gas should not be left burning at the end of the T-piece 
longer than is required, since the ]atter will get very hot, and the 
cork may be loosened. Indeed it is decidedly better to have 
a brass jet screwed in ; but this will add to the expense. The 
materials for such a blowpipe as is above described wijl not cost 
more than ti. dd. 

71. A Betort and Be- 
oeiver for distillations on a 
small scale are represented 
in Fig. 68. The retort is 
a very small flask, or a test- 
tube having its lower end 
expanded into a bulb, and 
connected by an india-rub- 
ber joint with a tube which 
has been bent to an acute 
angle and drawn out (but 
not very fine) just beyond 
the bend. The drawn-out 
portion passes through the 
cork nearly to the bottom 
of the receiver, which is 
also a test-tube. The cork 
should have several nicks 
in it, to aflbrd escape for 
UDCondensable vapours, and 
the receiver may be placed 
in an evaporating dish filled p. ,1, 

with cold water, or snow. 
Nitrogen tetroxide may be readily condensed in such an apparatus 





Fig. 69. 
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76. A Screw Finoh-cook may be made by cutting out two 
strips of tin plate, about 6 x 1,5 cm,, turning over a narrow portion 
on each side, to give additional : 
ness, boring a hole at each end (whick 
may be done with a bradawi driven 
tiirough by a hammer), and conoecting 
the two strips by a couple of the small 
nuts and screws used for holding pa[ 
or letters' together, which may be p 
cured from a stationer's. Fig. 69 shcnn 
a pinch-cock thus made. Strips ( 
hard wood, such as beech or box, may be used instead of the 
strips of tin. 

apparatus for obtaining .a constant stream of a g 

such 3S hydrogen sulphide 
which may be generated 
without the application c 
heat, is represented in Fig, 
70. A paraffin-lamp-glaa 
(one of those which bulge 
out near the middle) is ob- 
tained, and a cork is fitted 
to its lower extremity. In 
this cork live or six holes 
are bored, and before being 
linally fitted into its place 
it is thoroughly saturated 
with wax or paraffin, to 
protect it from the action 
of acids I. Some limips of 
iron sulphide are placed in 
the glass, and a cork with 
a short elbow tube is fitted 
into the upper end of the 
glass, a piece of india-rub- 
Kig. -o. ber tubing, carrying a screw 

pinch-cock, being adapted. 
to the outer end of the elbow tube. The glass is now lowereA 
into a tall wide-mouthed bottle or jar, and the latter is filled nearly' 




a dish 
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jth four times its bulk of water, and allowed to cool. When the 




lacb-cock is opened, the acid will rise through the holes in the 




xlti, and wiil act upon the iron sulphide, causing an evolution of 




fdrogen sulphide, which may be led into a flask or tube, as re- 




hired. When the pinch-cock is closed, the gas collects in the 




lass, and finally drives the acid back into the outer bottle ; the 




•TOlution of gas ceasing when the acid is withdrawn from contact 




Irtth the iron sulphide. The 




imp- glass should be re- ^^^^ 




I^ed in its place in the 1 A 




mttle by being passed I J^L 




iirough a bung fitted into \4R^^ 




&e neck of the latter, and ■■ 'n^B 




taving one or two nicks It 41^1 




at in it to admit air. The SynjlH 




Uae form of apparatus will, _ ^^^T Bl^^l 




if course, serve for other jir'^l HNH 




pses, such as hydrogen or /^ m ^^S^^ 




Stfbon dioxide. JM -^^";*^M 




Fig. 71 represents a form ^(RRiil T" 






of gaB-holder, which may P|iil 






1 




Je easily constructed and t^H 






^^^^H 




m be found very useful. IjH 






^^^H 




rhe bottles used are those dW 






^P^H 




Fhich are known by the IH 






'' ■ 




line of ' Winchester ■ 










larts,' and which may be B 




» 






t)cured from any chemist. . ^- flj 
cork is adapted to one of "— "^^^^^ 


■E-^ -. 


^ 




le bottles and fitted with pig. y,. 




fro elbow tubes, the one 




iving both its branches about 8 or 10 cm. long, the other having 




te branch long enough to reach to the bottom of the bottle. 




a elbow tube similar to this latter is fitted to the other bottle 




f a cork which does not fit tightly into the neck. The two tubes 


laiit mentioned are connected by a piece of india-rubber tubing | 


about 40 or 50 em. in length, over wliich is slipped a screw pinch- 1 


L Cock. A piece of india-rubber tubing, also carrying a pinch-cock, 1 


l|^ connected with the short elbow tube. 1 


^■L In order to use the apparatus, the first bottle is completely filled ■ 


^Bitli water, the cork with the two elbow tubes being temporarily M 


Ml m 



324 APPENDIX A. 

withdrawn. The short elbow tube is then connected with the 
delivery tube of the gas-generating flask, and gas is passed into 
the bottle, both pinch-cocks being opened. The gas displaces the 
water in the bottle, which passes over into the other bottle ; the 
latter being so placed that there may never be more than a slight 
difference in level between the water in the two bottles, but that 
the gas may always pass in under some pressure. When the first 
bottle is full of gas, both pinch-cocks should be closed, and the 
generating flask should be at once disconnected from the apparatus. 
If, now, a constant stream of gas is required, e. g. for burning at 
a jet, the second bottle (now full of water) should be placed on 
a stand or shelf at such a height that its bottom may be a little 
above the level of the neck of the other bottle. If the pinch-cock 
on the tube connecting the two bottles is now opened, water will 
flow from the upper into the lower one, and will exert a pressure on 
the gas contained in the latter. It will then only be necessary^ 
to open the other pinch-cock cautiously, in order to obtain a regulate 
stream of gas. 



iV 
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1. Treatment of Silver Residues. 



I 



RECOVERY OF SILVER, GOLD. AND PLATINUM i 

FROM RESIDUES. jj 



I . 

! ^ 



las been already recommended (p. 191, note) that all waste solu- 'J 

containing silver should be poured into a stock-bottle kept for '' 



I'.i 



^i- 



irpose, in order that when a sufficient quantity has accumulated 
letal may be recovered from the mixture. The first step will 
e conversion of any soluble silver salts which may be present 
insoluble silver chloride, by the addition of a considerable 
s of common hydrogen chloride. This, if added in sufficient 
ity, will even throw down any silver chloride which may have 
ved in sodium hyposulphite. The mixture, after being warmed 

flask and shaken, should be filtered, and the precipitate 
ughly washed, first with dilute acid and then with water, 
inally dried by placing the filter containing it in a porcelain 
m the sand-bath. When it is thoroughly dry, it must be shaken 
if the filter, and mixed in a mortar with twice its weight of | ijjj 

sodium carbonate and one-tenth its weight of potassium fi 

e, a little borax being also added to act as a flux. While the 
re is being made, a common Cornish clay crucible, about 

1 3 cm. in height, should be gradually heated by being placed 
1 downwards on the top of an ordinary fire, if there is no 
furnace at hand. When it is thoroughly warmed, it may be 
d up and surrounded with hot coals. When it becomes red- 
:he mixture should be thrown into it, little by little, with 
3n spoon, the fire being urged by a pair of bellows, so as 
ep the crucible at a full red heat. The mixture will at first 
esce considerably, and should be stirred with an iron rod 
jvent its frothing over, but it will finally fuse into a clear fluid, 
• which the silver will collect in a button. When this takes 

the crucible must be kept at a bright yellow h.eal fox ^c>\*. 



in 
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five minutes longer, the contents being occasionally stirred to hast^i 
the aggregation of the small particles of reduced silver disseminata, 
through the mass. Finally, the crucible should be lifted from tli 
fire by a pair of tongs, and the fluid mass poured out on a piece c 
slate or iron plate. When cold the silver may be separated fr-oi 
the flux by breaking off the latter with a hammer, and boiling "th 
ingot with water to separate the last traces of slag. 

It is a good plan to re-melt the ingot of silver in a small cleai 
crucible, sprinkling a little borax over it. When thoroughly meltec 
the metal should be poured out as before on a piece of slate, and an 
approximate estimate of its purity may be formed by observing the 
degree of * girting ' which takes place as the silver solidifies, owing 
to the escape of absorbed oxygen. Unless the metal be very pure 
and especially free from copper arid lead, this spirting will hardiy 
take place at all, and the surface of the ingot will remain unruflBed. 

The lump of silver thus obtained may be either exchanged at 
a shop for the crystallised nitrate of silver, or it may be boiled for 
some time in a flask with hydrogen nitrate diluted with twice its 
volume of water, more of the acid being added when the action 
becomes slow L The solution should be evaporated to complete 
dryness, in order to drive off the excess of acid, the residue should 
be redissolved in water, and the solution, after filtration, should be 
evaporated down and left to crystallise, the basin being covered 
with a glass plate or a sheet of paper to exclude dust. The crystals 
should be drained in a funnel and dried on filter-paper. The 
mother liquor, on further evaporation, will yield another crop oi 
crystals, and the liquid drained from these may either be poured 
into the * silver residues ' bottle, or reserved for purposes in which 
absolute purity is not required. 

This is decidedly the best method of reducing silver residues, 
since not only the chloride, but also the sulphide, iodide, &c., are 
reduced by fusion with sodium carbonate. If, however, the chloride 
only has to be dealt with, it may be reduced by hydrogen in the 
manner described, p. 190; the only disadvantages being that it is 
rather difficult to wash out the last traces of zinc salt from the 
spongy mass of silver, and also that organic impurities are liable to 
be carried down with the chloride, which form nitro-compounds 
when the metal is dissolved in hydrogen nitrate, and render the 

salt unfit for such delicate processes as photography. | 

I 

^ If a perfectly pure salt is wanted, it will be necessary to precipitate the \ 
silver again as chloride from l\ie Vv^diogeti nitrate solution, and to reduce 
it with pure sodium carbonate m Xhe m2CMa.« ^ost ^«sf:.Ti!Qfid. 
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2. Treatment of Flatinum Bealduea 

These residues will usually contain the metal either as perchloride 
Or as ammonium or potassium chloroplatinate. Any perchloride 
^hich may be present must first be thrown down by the addition of 
ammonium chloride as long as any precipitate is produced. The 
whole should then be filtered, and the residue on the filter dried 
and heated to redness in a porcelain dish or a clean clay crucible, to 
get rid of any organic impurities, and to decompose the chloro- 
platinates. The resulting porous mass, to which any waste scraps 
of platiniun foil or wire may be added, should be thoroughly washed 
with warm water to remove all soluble salts, and then boiled for 
some time with a mixture of three parts of strong hydrogen chloride 
and one part of hydrogen nitrate. . This will be best done in the 
open air, or at any rate the chlorous vapours must be led into 
a chimney or through a window, and not allowed to escape into the 
laboratory. When the mixture has boiled for half an hour, the 
solution should be poured off, fresh acids added) and the boiling 
repeated. The solutions should then be mixed, and the whole 
evaporated at a gentle heat nearly, but not quite, to dryness, a little 
hydrogen chloride being added at the last, to decompose any re- 
maining hydrogen nitrate. The solution of crude platinum per- 
chloride, obtained by warming the residue with water, should be 
filtered and mixed with a saturated solution of ammonium chloride, 
which should be added until no further precipitate is thrown down. 
This precipitate, of ammonium chloroplatinate, should then be 
collected in a filter, and carefully washed with water to which 
about half its volume of common methylated spirit should be added, 
in order to prevent the loss of any considerable quantity of the salt, 
since ammonium chloroplatinate is not wholly insoluble in water. 
Lastly, it should be dried on the filter, and strongly heated in a 
porcelain dish, until the whole of the salt is decomposed (p. 221). 
The spongy platinum thus obtained should be dissolved in aqua 
regia, and evaporated down, at first over the lamp to a small bulk, 
and then on a water-bath 1 to complete dryness. The highly de- 
liquescent residue should be transferred quickly to a well-stoppered 
bottle, or, better, dissolved at once in water for use. 

* In default of a regular water-bath for the above evaporations, the 
porcelain dish may be placed on the mouth of a beaker or saucepan rather 
smaller in diameter; the latter being previously half filled with water, 
which is kept gently boiling on a sand-bath. 
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A solution of convenient strength is made by weighing the spongy 
platinum before dissolving it in the acids, multiplying the weight in 
grammes by 25, and making up the solution to this number of cubic 
centimetres. This will give a solution 50 c.c. of which contains 
3.39 grms, of platinum perchloride (Pt CU in 50 c.c). 



8. Treatment of Gk>ld Besidues. 

These may be worked up in the same way as platinum residues, 
except that the solution in aqua regia must, after evaporation, be 
mixed with excess of a strong solution of hydrogen oxalate, and 
boiled for some time. The gold will thus be precipitated in the 
metallic state, and the yellow spongy mass obtained will readily 
dissolve in aqua regia. The solution should be carefully evaporated 
on the water-bath, and the residue dissolved in water. For each 
gramme of gold taken, 50 c.c. of solution should be made. The 
liquid will then contain 3.03 grms. of gold perchloride in 100 c.c. 
{Audi in 100 ex.). 
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TABLE OF THE SOLUBILITY OF SALTS. 

This Table is intended to indicate the solubility in water and 
alcids of the single salts formed by the union of the different radicles 
treated of in the foregoing pages, and has been compiled mainly 
upon the authority of Storer's * Dictionary of Solubilities.' 

The degrees of solubility are, however, so numerous that it is 
difficult or impossible to draw a sharp line between a soluble and 
an insoluble substance. The statements in the Table must there- 
fore be only regarded as approximations ; as relatively rather than 
absolutely true. 

It is hardly necessary to remark that in cases where a sub- 
stance is said to dissolve in an acid, the phenomenon really consists 
in the formation, by the action of the acid, of a salt soluble in 
water. 
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TABLES OF WEIGHTS AND MEASURES. 



The system of weights and measures used in tliis book is that 
which is known as the metric systemi 

I The unit of the system is the metre, the length of 

which is ^^^ th part of the earth's circumference, as 
determined in 1796 by Delambre and others. 

The greater and smaller measures of length are all 
derived from the metre by multiplying it or dividiug 
it by 10 or a multiple of 10, and their names ar; 
formed by adding to the word 'metre' a prefix de- 
rived, in the case of the multiples, from a Greek 
numeral, in the case of the subdivisions, from a I^tin 
numeral. 

The following Table shews the metric measures of 
length, and their value in English n 



Kilometre = 1000 n 
Hectometres 100 
Decametre — 10 
Metre = l 

Decimetre — -j^ 
Centimetre -^ ^^ 
Millimetre =T;Anr 



— 39370.8 mches = o.6ii4 of a mile- 
= 39Sr-o'* .. =109.36 yards. 

= 393.X1 - = io-a3 .. 

- 39-37 " - '-09 .. 

3-94 .. 

0-39 .. 

0.039 .. 



It may be 
is very nearly 
metre and its 
Englbh inches. 

The unit of 

and its multiplt 
metre, based 
are, however, 

(CO.). 



to remember that a decimetre 
four inches, and Pig. 73 shows a deci- 
subdivisions, compared with a scale of 

volume is a cube, each of the sides of 
:s one decimetre. It is called a Utr^ 
les and subdivisions are, like those of the 
a decimal system. The subdivisions 
usually expressed in cubic centimetres 
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Kilolitre, or stere = 1000 litres = 220.01 gallons. 

Hectolitre = 100 „ = 22.00 „ 

Decalitre «= 10 „ = 2.20 „ 

, Litre = 1 „ = 1.76 pints. 

Decilitre =iooc.c.= -i^ „ = 3.5 fluid oz. 

Centilitre =ioc.c=-j^^, „ = 0.35 

Millilitre (or cubic centimetre) = I c.c. = Y^^^j^ „ = 0.035 »» 

The unit of weight is the weight of i cubic centimetre of water 
at the temperature of 4° Centigrade. It is called a gramme^ and 
is, like the metre and the litre, multiplied and subdivided decimally. 
Thus, 

Kilogramme = 1000 grammes « 2.205 lbs. (avoird.) 

Hectogramme = 100 „ =,3'52 7oz. „ 

Decagramme =10 „ = 0.35 oz. „ 

Gramme = 1 „ = 15-43 grains. 

Decigramme = iV » = i-S4 

Centigramme = -j^ „ = 0.154 

Milligramme =T?r&Tr » = 0-0'5 



u 



TABLES OF ENGLISH MEASURES. 

1. Xjength.. 

1 inch = 2.54 centimetres. 

12 inches =1 foot = 30.48 „ 

3 feet = I yard = 91.44 y, 
5^ yards = i pole = 5.03 metres. 

4 poles =1 chain = 20. r 2 „ 
40 poles =1 furlong « 20L.I16 

8 furlongs = I mile =1609.3 



ft 

>♦ 



2. Volume.- 

I cubic inch =»= 16.38 cubic centimetres, 

1728 cubic inches=i cubic foot= 28.31 litres. 



1 drachm =0.216 cubic inch= 3.55 cubic centimetres. 
8 drachms = I ounce = 28.4 „ „ 

20 ounces = i pint = 567.9 „ „ 
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2 pints = I quart « 1136 litres. 
4 quarts « i gallon = 4.543 „ 



I gallon = 70,000 grains of distilled water at the 
temperature of 6o*'F (iS.S^C). 



3. "Weight. 

(a) Apothecaries, 

I grain = 0.0648 gramme. 

20 grains « i scruple = 1.396 „ 
3 scruples = i 'drachm = 3.888 
8 drachms = I ounce = 31.104 

12 ounces =1 pound =373.248 



ft 



(b) AifoirdupoU. 

I grain — 0.0648 gramme. 

27.34 grains =1 drachm= 1.772 „ 
16 drachms = I ounce = 28.35 »» 

16 ounces = i pound =453.6 „ 

112 pounds = J cwt. = 50.8 kilogrammes. 
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THERMOMETRIC SCALES. 

The temperatures mentioned in this book are all expressed on 
the Centigrade scale. 

According to this scale, the space through which the column of 
mercury in a thermometer moves, when passing from the tem- 
perature at which water freezes to the temperature at which water 
boils, is divided into loo equal parts or degrees, and the scale is 
extended below the freezing-point and above the boiling-point of 
water, in divisions of the same value. 

The point at which the mercury column stands when the thermo- 
meter is immersed in melting ice is marked o**, and the degrees 
below this point are distinguished by a minuj sign, thus — i, —2, &c. 

The point at which the mercury column stands when the thermo- 
meter is immersed in the steam from boiling water (the barometric 
column being 760 mm.) is marked 100°. 



In the Fahrenheit scale, which is not yet superseded in this 
country, the space between the freezing-point and the boiling- 
point of water is divided into 180 degrees, and, moreover, the 
freezing-point of water is marked 32° instead of 0°, the boiling- 
point of water being consequently marked 212° instead of 180**. 

The points to be borne in mind, then, in converting temperatures 
expressed on the one scale to the corresponding temperatures on 
the other scale, are — 

I. The same space is divided on the Centigrade scale into 100 
parts, on the Fahrenheit scale into 180 parts. 

Consequently, i degree on the Centigrade scale is equal in length 
to (-1^ = ) § of a degree on the Fahrenheit scale ; and i degree on 
the Fahrenheit scale is equal in length to (J^ = ) J of a degree on 
the Centigrade scale ^. 

^ For since lOoT = i So^F 

looX : iSo^'F : : iX : f°F 
and iSoT : lOoT : : i°F : 4°C. 



334 APPENDIX E. 

2. The point marked o** on the Centigrade scale is marked 32" 
on the Fahrenheit scale. 

Consequently, in order to bring the two scales to the same 
starting-point, we must subtract 32 from the number of Fahrenheit 
degrees before converting them into Centigrade degrees; and, in 
the reverse process, after converting the Centigrade degrees into 
Fahrenheit degrees, we must add 32. 
The rules, therefore, may be thus expressed : — 
I . To convert Fahrenheit degrees into Centigrade degrees. 
Subtract 32 from the number of degrees, and multiply the re- 
mainder by ^ (or 0.5 y. 

a. To convert Centigrade degrees into Fahrenheit degrees, 
Multiply the number of degrees by ^ (or 1.8) and add 32 to the 
product ■^. 

a „<>C = (§« + 32)°F. 
This rule may also stand as follows: — 

Double the number of degrees, subtract y'^ of this product, and add 32 
to the remainder. 

Thus, 25^0x2 = 50 

50-5 = 45 
45 + 32 = 77°F. 
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ON CHEMICAL SYMBOLS. 

The aim of these Exercises has been to present some of the facts 
of chemistry without entering upon questions of chemical theory. 
But symbols having been used to express the principal chemical 
changes which form the subject of the exercises, and the nature 
and strength of the various reagent solutions, a statement of the 
meaning of such symbols is subjoined, together with a Table of 
Atomic Weights. 

In the beginning of Part II is an explanation of the term * single 
substance.' A chemical change consists in the conversion of any 
quantity of one or more single substances into an equal quantity,' 
by weight, of one or more different single substances. The remem- 
brance of some of the most important facts relating to these changes 
is facilitated by the adoption of the following hypothesis. 

It may be the case that a portion, a gramme for instance, of any 
single substance is an aggregate of a vast but finite number of little 
particles, each of which has exactly the same properties as any other 
and as the whole mass. These little particles are, in almost all 
cases, themselves divisible ; but when they are divided, it is not into 
smaller portions of the same substance, but into distinct parts which 
are called atoms, as being incapable of further division. These 
atoms unite into fresh groups which are the molecules of substances 
diflferent from the original substance ; and it is in this w^y," according 
to the hypothesis, that a chemical change takes place. 

A molecule may consist of any number of atoms, from one up to 
a very large number. The molecules of the elements are supposed 
to consist either of single atoms or of two or more similar atoms 
united together. Differences in the properties of different sub- 
stances may be due to the differences in the nature, or number, or 
arrangement, of the atoms of which their molecules consist. 

The weight of a molecule is the sum of the weights of its atoms ; 
and, since different atoms have very different weights, and different 
molecules consist of very different numbers of atoms, the weight of 
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one molecule may be several hundred times as great as that of 
another. 

Chemists have agreed to represent the various atoms by letters, 
that assigned to each being generally the initial letter of the name 
of that element whose molecule is made up of such atoms. Thus 
H represents the hydrogen-atom and O the oxygen-atom. But as 
the names of several elements have the same initial letter, the 
requisite variety has been obtained by taking the Latin instead of 
the English name, or by using two letters. Thus K represents the 
potassium-atom (Kalium), Co the cobalt-atom, Sb the antimony- 
atom (Stibium). The union of two or more atoms to form a 
molecule or group of atoms is represented by placing their symbols 
together, thus CoO represents a molecule of cobalt oxide, which 
consists of a cobalt-atom united to an oxygen-atom. When similar 
atoms are united, a numeral is affixed to the symbol of the atom, to 
represent its repetition so many times ; thus, the molecule of water 
is expressed by H,0 instead of H H O. 

It will be plain that, according to the hypothesis stated above, the 
atoms are not actual portions of any known substance, except in 
the case of those substances whose molecules consist of single atoms, 
where, consequently, the atom is also a molecule. The smallest 
particle, or molecule, of common salt is represented by the formula 
Na Gl : its atoms Na and CI can be transferred to other molecules, 
but cannot be obtained as distinct substances ; we know them only 
as constituents of a number of diflferent molecules. And in the 
same way the molecule of hydrogen is represented by H,, the letter 
H representing, not a minute portion of hydrogen, but a constituent 
of hydrogen, a hydrogen-atom, a portion of matter weighing half 
as much as the smallest particle of hydrogen, which is transferable 
in chemical changes from one molecule to another. 

The determination of the relative weights of different atoms 
depends upon (i) the accurate quantitative analysis of a number of 
single substances, (2) a decision as to the constitution of the mole- 
cules of these substances. For example, analysis shows that nine 
parts by weight of water can be decomposed into eight parts by 
weight of oxygen and one part by weight of hydrogen. Choosing 
the weight of the hydrogen-atom, as being the smallest relative 
w^eight we have to do with, as the unit of our system, if we decide 
that a molecule of water consists of one hydrogen-atom combined 
with one oxygen-atom, the weight of the oxygen-atom must be 8. 
If we decide that a molecule of water consists of one hydrogen- 
atom combined with two ox^^eiY-2loms, we must take 4 to be the 
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atomic weight of oxygen ; or if we have reasons, as in fact we have, 
to regard the molecule of water as consisting of two hydrogen- 
atoms and one oxygen-atom, we must call the weight of the oxygen- 
atom 1 6. 

The reasons which guide us in deciding what is the constitution 
of the molecule of a substance may be stated summarily under two 
heads : (i) that constitution is most probably true which affords the 
simplest account of the changes which the molecule is known to 
undergo, and which best exhibits the analogy between the substance 
in question and other substances which it resembles ; (2) that con- 
stitution is most probably true which makes the molecular weight 
of the substance bear to the molecular weights of other substances 
the same ratio which its vapour-density bears to theirs. As this 
latter guide to the molecular constitution of substances is only avail- 
able in the case of those substances which can be volatilized without 
decomposition at a moderate heat, the weights of those atoms have 
been most definitely fixed which enter into molecules of this kind. 

It has also been observed that the relative weights of the atoms 
are in most cases nearly in inverse proportion to the specific heats 
of the elements which they form. This observation furnishes us 
with another criterion of the true atomic weight. 

The following Table of Atomic Weights has been arrived at in 
the manner indicated. 

Table of Atomic Weights. 

Al represents an Aluminium-atom weighing 37.5 



Sb 




Antimony-atom 




12a 


As 




Arsenic-atom 




76 


Ba 




Barium-atom 




137 


Bi 




Bismuth-atom 




210 


B 




Boron-atom 




11 


Br 




Bromine-atom 




80 


Cd 




Cadmium-atom 




112 


Ca 




• Calcium-atom 




40 


C 




Carbon-atom 




' 12 


CI 




Chlorine-atom 




35-5 


Cr 




Chromium-atom 




53.5 


Co 




Cobalt-atom 




f9 


Ct 


ft 


Copper-atom 




63.5 


P 




Fluorine-atom 




19 


Au 




Gold-atom 




196.7 


H 




Hydrogen-atom 




I 


I 




Iodine-atom 
Z 




127 



538 
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Fe represents 


an Iron-atom weighing 


56 


Pb 


>» 


Lead-atom 


»t 


207 


Li 


»» 


Lithium-atom 


t> 


7 


Mg 


it 


Magnesium- atom 


tf 


24 


Mn 


»t 


Manganese-atom 


»» 


55 


Hg 


»> 


Mercury-atom 


»» 


200 


Mo 


»» 


Molybdenum-atom 


>» 


93 


Ni 


*f 


Nickel-atom 


>* 


59 


N 


>» 


Nitrogen-atom 


»i 


14 





i» 


Oxygen-atom 


f* 


16 


Pd 


** 


Palladium-atom 


ft 


106.5 


P 


t» 


Phosphorus-atom 


*f 


31 


Pt 


»» 


Platinum-atom 


»» 


197.4 


K 


»» 


Potassium-atom 


»» 


39 


Se 


♦> 


Selenium-atom 


»t 


79 


Si 


♦» 


Silicon-atom 


»» 


28 


Ag 


»* 


Silver-atom 


t« 


108 


Na 


♦> 


Sodium-atom 


>» 


33 


Sr 


>» 


Strontium-atom 


i» 


87.5 


S 


»> 


Sulphur-atom 


♦» 


33 


Tl 


»t 


Thallium-atom 


*f 


204 


Sn 


«* 


Tin-atom 


t* 


118 


Ti 


»* 


Titanium-atom 


i* 


50 


W 


>f 


Timgsten-atom 


♦» 


184 


U 


«» 


Uranium-atom 


f* 


120 


V 


»» 


Vanadium-atom 


»> 


51. a 


Zn 


>» 


Zinc-atom 


w 


65 



This Table, which includes all the atoms which are not of very 
.rare occurrence, enables us to calculate the weight of any mole- 
cule whose formula is known to us, relatively to the weight of a 
hydrogen-atom which is assumed as the unit. Thus, the formula 
of calcium carbonate being CaCO,, the weight of its molecule is 
(40 + 12 + (3 X 16) = ) 100 ; that is to say, a molecule of calcium 
carbonate weighs a hundred times as much as a hydrogen-atom. 

A Table of Molecular Weights, which might be extended to all 
substances whose constitution has been determined, would have the 
following form. 

Hj represents a molecule, or 2 parts by weight, or i volume of Hydrogen. 
N, „ 28 „ „ Nitrogen. 

Hg „ 200 „ „ Mercury. 

P4 „ 124 „ „ Phosphorus. 

NH, „ 17 „ „ Ammonia. 

QH^ „ 28 „ „ Ethylene. 
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In the equations by which chemical changes are represented, the 
sign = has not simply its algebraic sense of * equals,' but should 
rather be read * is converted into.' That the substances formed in 
a chemical change weigh as much as the substances that went to 
form them, is a fact which renders the symbol appropriate, but is 
not all that it is understood to mean. The sign + , connecting the 
symbols of two molecules, denotes that these molecules disappear, 
or are formed, simultaneously ; it may be expressed in reading by 
the word * and.' 

Thus the equation 

K,S04 + BaCla = BaSO* + 2KCI 

should be read thus, * a molecule of potassium sulphate and a mole- 
cule of barium chloride are converted into a molecule of barium 
sulphate and two molecules of potassium chloride.' To obtain the 
relations by weight between the different substances we write down, 

K,- 78 Ba-137 Ba-137 K-39 

S - 32 CI,- 71 S - 33 CI- 35.5 

O4- 64 O4- 64 



K2SO4-174 BaCla-208 BaS04-233 74.5 

whence we see that 174 parts by weight of potassium sulphate and 
208 parts by weight of barium chloride are converted into 233 parts 
by weight of barium sulphate and 149 parts by weight of potassium 
chloride. 

Since equal volumes of all gases contain, under the same con- 
ditions, the same number of molecules, equations representing 
changes in which gases take part may be read off at once as ex- 
pressing changes of volume. The common volume occupied by an 
equal number of molecules of the different kinds of matter in the 
gaseous state should be called one volume. 

Thus, 2C0 + 0j— 2GO, may be read * two volumes of carbon 
protoxide and one volume of oxygen are converted into two vo- 
lumes of carbon dioxide.* If in comparing the molecular weights 
and volumes of different substances we take a gramme for unit 
instead of the weight of an atom of hydrogen, the common volume 
occupied by 28 grms. of carbon oxide, 32 grms. of oxygep, 44 grms. 
of carbon dioxide, &c. is 22.4 litres. 

A. V. H. 
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Acetates, properties of, 159. 
Air, analysis of, 81. 
Cavendish's method of ana- 
lysing, 89. 

synthesis of, 82. 



Alloy, fusible, 204. 

Aluminium and its salts, properties 
of, 239. 

salts, used as mordants, 241. 

Ammonia, preparation and proper- 
ties of, 99. 

Ammonium salts, properties of, 153. 

Analysis, blowpipe examination of 
a solid in, 273. 

examination for non-metallic 

radicles in Group I, 296. 

• • Group II, 298. 

Group III, 300. 

examination for metals in 



Group I, 282. 

Group II, 284. 

Group III, 287. 

Group IV, 291. 

Group V, 292. 

Group VI, 293. 

— example of a simple, 144. 

— explanation of the course of, 



255- 



grouping of metallic radicles 



in, 262. 
non-metallic radicles in, 

358. 

— of a salt insoluble in water 
and acids, 304. 

— of a single salt, example of, 308. 



Analysis, object of, 144. 

preliminary examination of a 

liquid in, 278. " 

preUminary examination of a 



solid in, 268. 

Table of groups of metals. 



267. 

Annealing of glass, 3a. 
Antimony and its salts, properties 

of, 213. 
Apparatus required for practical 

work, list of, i. 
suggestions for the construc- 
tion of, 311. 
Aqua Regia, formation of, 165. 
Argand gas-lamp, 4. 
Arsenic and its salts, properties of, 

205. 

Marsh's test for, ao8. 

Reinsch's test for, ao8. 

Atomic weights, table of, 337. 
Barium and |ts salts, properties of, 

242. 
Bismuth and its salts, properties of, 

204. 
Blowpipe examination of a solid in 

analysis, 272. 

(g^) use of, in glass working, 3 1 . 

simple form of, 319. 

(mouth) experiments with, 131. 

use of, explained, 133. 

simple form of, 315. 



Borates, properties of, 187. 
Bromides, properties of, 169. 
Bromine, preparation of, 169. 
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Bunsen's gas-burner, 3. 

simple forms of, 314. 

universal holder, 2. 

Cadmium and its salts, properties 

of, 203. 
Calcium and its salts, properties of, 

345. 
Carbon, properties oi, 156. 

dioxide, preparation and pro- 
perties of, 91. 

protoxide, preparation and 



properties of, 96. 
Carbonates, properties of, 158. 
Charcoal supports, for blowpipe 

experiments, 137. 
Chemical symbols, 535. 
Chlorides, properties of, 165. 
Chlorine, preparation and properties 

of, 105. 
Chlorine oxides and hydrates, pro- 
perties of, 166. 

solution, preparation of, 118. 

Chromates, properties of, 236. 
Chromium and its salts, properties 

of, 236. 

trioxide, preparation of, 237. 

Clark's retort and receiver, 16. 
Cobalt and its salts, properties of, 

228. 
Copper and its salts, properties of, 

201. * 

Cork-borers, 6. 

simple form of, 316. 

method of using, explained, 34. 

Cork joints for tubes, 93. 
Crucible tongs, 6. 
Crystallisation, experiments in, 43. 
Cyanogen and cyanides, properties 

of, 163. 

Decantation, washing by, 52. 
Deflagrating jar, 8. 
simple form of, 316. 



Deflagrating spoon, 8. 

simple form of, 316. 

Displacement, collection of gases by, 

90. 
Distillation, 53. 

Distilled water, tests of purity of, 56. 
Drying tubes, use of, 11. 
simple form of, 318. 

Ethylene, preparation and proper- 
ties of, 109. 
Filtration, 45, 51. 
Flasks, supports for, 312. 
Florence flasks, cleansed, 9. 
Fluorine and fluorides, properties of, 

175. 
Funnels, Thistle, 10. 

substitutes for, 317. 

Fusible alloy, 204. 
Fusion of metals, 25. 

Gas blowpipe, Herapath's, described, 
14. 

simple form of, 3 1 9. 

burner, Argand, 4. 

Bunsen's, 3. 

simple form of, 314. 



" generating apparatus, 322. 
holder, simple form of, 323. 
jars, 8. 

simple substitutes for, 316. 



Gases, collection of, by displace- 
ment, 90. 

over water, 56. 

effect of alteration of pressure 



on, 61. 

— effect of alteration of tempera- 
ture on, 60. 

transference of, at the pneu- 



matic trough, 57. 
— volume of, measured over 



water, 59. 
Glass, a bad conductor of heat, 32. 
annealing of, 32. 
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Glass, divided by cracking, 40. 

flasks, &C. bordered, 43. 

jets made, 29. 

stoppers loosened, 147. 

tubes bent, 26. 

sealed, 37. 

working, directions for, 26. 



Glass-blower's lamp, 15. 

Gold and its salts, properties of, 

319. 
residues, recovery of the metal 

from, 328. 
Granulation of metals, 25. 

Holder, Bunsen's universal, 2. 

simple form of, 313. 

Hydrogen, easy mode of making 
small quantities of, 85. 

preparation and properties of, 

70. 

and silicon fluoride, prepara- 
tion and properties of, 1 19. 

antimonide, properties of, 215. 

arsenide, properties of, 210. 

chloride, preparation and pro- 



perties of, 103. 

— fluoride, preparation and pro- 
perties of, 175. 

— nitrate, preparation and pro- 



perties of, 148. 

— salts, properties of, 252. 

— sulphide, solution of, prepared, 



113- 
Hypophosphites, preparation and 

properties of, 183. 
Hyposulphites, properties of, 181. 
Iodides, properties of, 171. 
Iodine, preparation and properties 

of, 170. 
Iron and its salts, properties of, 230. 

Lamp, spirit, simple form of, 317. 
Lead and its salts, properties of, 199. 
Liquids, mode of pouring, from 
bottles, 147. 



Magnesium and its salts, properties 

of, 247. 
Manganese and its salts, properties 

of, 226. 
Measure, made, 40. 
Mercury and its salts, properties of, 

194. 
Metals, solution of, in analysis, 271. 
Molecular weights, table of, 338. 
Mordants, use of, 241. 

Nickel and its salts, properties of. 

Nitrates and Nitrites, properties of, 
148. 

Nitrogen, preparation and proper- 
ties of, 80. 

dioxide, preparation and pro- 
perties of, 86. 

protoxide, preparation and 



properties of, 82. 
Normal solutions of reagents, pre- 
paration of, 122. 

Oxalates, properties of, 161. 
Oxygen, preparation and properties 

of, 62. 

Phosphates, preparation and pro- 
perties of, 184. 
Phosphorus, properties of, 182. 

amorphous, preparation and 

properties of, 183. 

Pinch-cock, Bunsen's, 17. 

simple form of, 322. 

Pipette, described, 16. 

made, 30. 

Plaster of Paris, method of using, 

246. 
Platinum and its salts, properties 

of, 220. 

residues, recovery of metal 

from, 327. 

— - supports, for blowpipe experi- 
ments, 137. 
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Platinum vessels, precaution in using, 

6. 
Pneumatic trough, description of, i. 

simple form of, 311. 

use of, explained, 57. 

Potassium and its salts, properties 

of, 248. 
Precipitation, experiments in, 51. 

Radicle, definition of a, 146. 
Reagent, definition of a, 113. 
Reagents, preparation of, 113. 

normal solutions of, 12a. 

Retort and receiver, Clark's, 16. 

simple form of, 321. 

stand, 2. 

Sand-bath, 5. 

Silicates, properties of, 187. 

Silicon dioxide, pure, preparation of, 

121. 
Silver and its salts, properties of, 

189. 
residues, recovery of the metal 

from, 325. 
Sodium and its salts, properties of, 

251. 
Solution, experiments in, 43. 
Spatulas, 17. 

Spirit lamp, simple form of, 317. 
Stirring rods made, 30. 
Strontium and its salts, properties 

of, 244. 



Sublimation, example of, 105. 

Substances required for practical 
work, 19. 

Sulphates, properties of, i8r. 

Sulphites, properties of, 180. 

Sulphur and sulphides, properties 
of, 176. 

dioxide, preparation and pro- 
perties of, III. 

Supports for flasks, &c., 312. 

Table of atomic weights, 337. 

groups of metals for purposes 

of analysis, 267. 

molecular weights, 338. 

solubility of salts, 329. 

weights and measures, 330. 



Tartrates, properties of, 160. 
Test-tubes, precautions in heating, 

50. 
Thermometer, 17. 

Thermometric scales, 333. 

Thistle funnels, 10. 

substitutes for, 317. 

Tin and its salts, properties of, 216. 

Washing bottle, described, 10. 

made, 33. 

Water, distillation of, 53. 

distilled, tests of purity of, 56. 

Weights and measures, table of, 

330- 
Zinc and its salts, properties of, 223. 
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